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PHOSPHONIC ACID DERIVATIVES 
Field of the Invention 

The present invention relates to a novel 
phosphonic acid derivative and a pharmacologically 
acceptable salt thereof. More particularly, it 
relates to a phosphonic acid derivative and a 
pharmacologically acceptable salt thereof which are 
useful as a medicine, a use of the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof and a method for meically treating a disease 
which comprises administering a therapeutically 
effective amount of the phosphonic acid derivative or 
the pharmacologically acceptable salt thereof to a 

patient. 

Description of the Related Art 
Ischemic heart diseases such as myocardial 
infarction still account for a high proportion of the 
death causes of the middle-aged and the elderly. i 
Ischemic heart diseases are known to be induced bv 
hyperlipemia which is a primary factor of 
atherosclerosis which is one. of the adult diseases. 
Accordingly, the medical treatment of hyperlipemia 
which is a stage precedent to ischemic heart diseases 
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such as myocardial infarction is essential, so thai 
studies have been made for many years to develop an 
excellent therapeutic medicine for hyperlipemia. 

Recently, an HMG-CoA reductase inhibitor has been 
developed as a therapeutic medicine for hyperlipemia 
and has been ascertained to have an excellent 
cholesterol level lowering activity. However, this 
inhibitor also hinders the biosynthesis of CoQ 10 or 
dolichol, so that it is in danger of causing adverse 
effects such as cardiac hypof unction , muscle ache and 
infirmity. Meanwhile, a desmosterol reductase 
inhibitor, which is also a therapeutic medicine for 
hyperlipemia, also causes a serious adverse effect 
such as cataract owing to the accumulation of 
desmosterol. 

Under these circumstances, it is still expected 
to develop a therapeutic medicine for hyperlipemia 
which is free from the above adverse effects and has 
an excellent cholesterol level lowering activity. 

Under the above circumstances, the present 
inventors have started the search and studies for a 
medicine having a squalene synthetase inhibiting 
action and have found that a specific phosphonic acid 
derivative can attain the object. The present 
invention has been accomplished on the basis of this 
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finding. 

Although phosphorus-containing hydrocarbon 
compounds useful as medicines are disclosed in 
Japanese Patent Publication-A Nos . 56492/1990 and 
138288/1990, these compounds are different from those 
of the present invention in both structure and drug 
efficacy. Further, phosphorus-containing isoprenoid 
derivatives useful as medicines are also disclosed in 
Japanese Patent Publication-A Nos. 101088/1990 and 
235821/1990. However, these derivatives are different 
from those of the present invention in structure. 

Constitution of the Inventipn 
. The present invention relates to a phosphonic 
acid derivative represented by the following general 
formula (I) or a pharmacologically acceptable salt 
thereof: 

R B 0 

A 1 1 2 
R A -C-P-0R 2 (I) 

R* OR 3 

wherein R 1 represents a hydrogen atom, a hydroxy 1 
group, an acyloxyalkyl group, an alkyloxycarbonyl 
group, a lower alkyl group which may have a 
substituent or a lower alkoxy group which may have a 
substituent; 



- 3 - 



WO 94/20508 




PCT/JP94/00354 



R 2 and R 3 may be the same or different from each 
other and each represents a hydrogen atom, a lower 
alkyl group which may have a substituent , an alkali 
metal or a prodrug ester forming group; 

R A represents a group represented by the formula: 

-C-OR 4 (wherein R 4 represents a hydrogen atom, a lower 
1 

0 

alkyl group, an alkali metal or an acyloxyalkyl group 
which may have a substituent). a group represented by 

R 4 ' 

/ 

the formula: N^-N (wherein R 4 represents a 

-( 
N 

hydrogen atom, a lower alkyl group or an alkali metal) 

0 

3 

or a group represented by the formula: -P-0R J [wherein 

R fi 

R 5 represents a hydrogen atom, a lower alkyl group, an 
alkali metal or a prodrug ester forming group; and R s 
represents a lower alkyl group or a group represented 
by the formula: -OR 7 (wherein R 7 represents a hydrogen 
atom, a lower alkyl group, an alkali metal or a 
prodrug ester forming group)]; and 

r" represents a group represented by the formula: 
S~T- [wherein S represents an alkenyl group which may 
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have a substituent or a group represented by the 
formula : 



aromatic ring; R 8 . R 9 . R 10 . R and R 12 may be the same or 
different from one another and each represents 

(1) a hydrogen atom, 

(2) an alkyl group which may have a substituent, 

(3) an alkenyl group which may have a substituent, 

(4) a lower alkoxy group which may have a 
substituent, 

(5) a carbamoyl group which may have a substituent. 

(6) a carbamoyldxy group which may have a 
substituent, 

(7) a hydroxyl group, 

(8) an acyl group, 

(9) a halogen atom, 

(10) a group represented by the following formula: 




R 8 



(wherein ring A represents an 




(wherein 



R 13 and R 14 may be 



the same or different from each other and each 



represents a lower alkyl group which may have a 
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substituent, or alternatively R l and R 1 may form, 
together with the nitrogen atom to which they are 
bonded, a ring which may further contain an oxygen 
atom, a sulfur atom or a nitrogen atom and which may 
have one or two, mono- or divalent substituent ( s ) ; p 
is 0 or 1: and q is an integer of 0 to 4) or 
(11) a group represented by the formula: 




may be the same or different from one another and each 
represents a hydrogen atom, a hydroxy! group, a lower 
alkyl group or a lower alkoxy group which may have a 
substituent; ring B represents an aromatic ring; and Y 
represents an alkylene chain which may have a 
substituent, an alkenylidene chain which may have a 
substituent. an alkynylidene chain which may have a 



substituent, a group represented by the formula: -C- . 
a group represented by the formula: -0-, or a single 
bond), or alternatively two adjacent groups of R 8 , R 9 , 
R 10 , R 11 and R 12 may together form a ring; and X 
represents a single bond, an alkylene chain which may 




0 
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have a substituent, an alkenylidene. chain which may 
have a. substituent or a group represented by the 
formula: -(CH 2 )„-Z- (CH 2 ) 7 - (wherein 2 is a group 

(0) r 

a 

represented by the formula: -S- (wherein r is an 
integer of 0 to 2), a group represented by the 

0 
I 

formula: -C-, a group represented by the formula: -0- . 

■ R 20 

a group represented by the formula: -S0 2 N- (wherein ■ R- 
represents a hydrogen atom, a lower alkyl group which 
may have a substituent or a lower alkenyl group which 
may have a substituent), a group represented by the 

1 v 
formula: -N- (wherein R a represents a hydrogen atom, a 

lower alkyl group which may have a substituent, a 

lower alkenyl group which may have a substituent or a 



group represented by the formula: 




I r 

a group represented by the formula: -N — C- (wherein R 
represents a hydrogen atom, a lower alkyl group which 
may have a substituent or a lower alkenyl group which 
may have a substituent );. u is an integer of 0 to 3; 
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and v is an integer of 0 to 6); and T represents 

(1) a single bond, 

(2) a group represented by the formula: 
R 23 

-N-(CH 2 ) s -W-(CH 2 ) t - (wherein R 23 represents a hydrogen 

atom, a cycloalkyl group, a cycloalkylalkyl group, a 

lower alkyl group which may have a substituent or a 

lower alkenyl group which may have a substituent; W 

represents a group represented by the formula: -0-, a 

0 
1 

group represented by the formula: -C-, a group 
represented by the formula: -NH-, a group represented 

OH 

by the formula: \ , a group represented by the 

-CH- 

0 
1 

formula: -C-0- or a single bond; and s and t are 
independent of each other and are each an integer of 0 
to 4) , 

(3) a group represented by the formula: 
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R 29 E 23 



■CH" 



OH 



k-(CH ) -»-(CE 2 ) t - 



(wherein R 23 . W, s and t are each as defined above; and 
R 29 represents a hydrogen atom, a cycloalkyl group, a 
cycloalkylalkyl group . a lower alkyl group which may 
have a substituent or a lower alkenyl group which may 
have a substituent). 

R 2S. 
I 

(4) a group represented by the formula: -N- (wherein 
R 25 represents a hydrogen atom, a cycloalkyl group, a 
lower alkyl group which may have a substituent or a 
lower alkenyl group, which may have a substituent). or 

(5) a group represented by the formula: 

E— (CH 2 ) W — F— (CHOj- (wherein D 

^(CH:)y^. 

represents a carbon atom or a nitrogen atom. E 
represents a nitrogen atom or a group represented by 

the formula: CH- ; F represents a group represented 
/ 

by the formula: -0-. a group represented by the 
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0 
I 

formula: -C-, a group represented by the formula: 

OH 

-NH-. a group represented by the formula: \ 

-CH- 

o 
J 

group represented by the formula: -C-0- or a single 
bond; x and y are independent of each other and are 
each an integer of 0 to 3, with the proviso that the 
case wherein both x and y are 0 is excepted; w and z 



are each an integer of 0 to 4 ; and the symbol: 



represents a single bond or a double bond when D is a 
carbon atom and a single bond when D is a nitrogen 
atom) . with the proviso that S must be a group 
selected from among those described above except an 
alkenyl group which may have a substituent. when T is 
a group represented by the formula: 

^ (CHa)x 

E — CCH 2 ) W — F— (CH 2 ) Z — (wherein D. 

E. F, x, y, w and z are each as defined above)]. 

Preferable examples of the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof described above include those represented by 
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the general formula (I) wherein T defined with respect 
to R B represents 

(1) a single bond,, 

(2) a group represented by the formula: 
R 23 

-N-(CH 2 ) s -W-(CH 2 ) t - (wherein R 23 . W. s and t are each as 
defined above) . 

R 2S 
I 

(4) a group represented by the formula: -N- (wherein 
R 25 is as defined above), or 

(5) a group represented by the formula: 

rrrrD E — ( C H O w — F — ( C H t) 2 — (wherein D. 

F, x, y, w and z are each as defined above, and E is a 
carbon atom or a nitrogen atom, or is a nitrogen atom 

\ 

or a group represented by the formula: ^CH-) . 

Preferable examples of the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof described above include those represented by 
the general formula (I) wherein the prodrug ester 
forming group is a group represented by the formula: 
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R 27 0 

-CH-O-OR 28 (wherein R 27 represents a hydrogen atom or a 
lower alkyl group; and R 28 represents an alkyl group 
which has 1 to 12 carbon atoms and may have a 
substituent. a cycloalkyl group, an aryl group which 
may have a substituent, an alkoxy group which has 1 to 
12 carbon atoms and may have a substituent, a cyclo- 
alkyloxy group, an aryloxy group which may have a 
substituent. an alkylamino group which has 1 to 12 
carbon atoms and may have a substituent, a 
cycloalkylamino group, a piperidinyl group, a 
pyrrolidinyl group or an aromatic amino group which 
may have a substituent). 

Further, the present invention relates to 

(A) a squalene synthetase inhibitor* comprising the 
phosphonic acid derivative or the pharmacologically 
acceptable salt thereof described above as the active 
ingredient , 

(B) a preventive or therapeutic medicine for diseases 
against which a squalene synthetase inhibiting action 
is efficacious, which comprises the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof described above as the active ingredient. 

(C) a preventive or therapeutic medicine for 
hyperlipemia which comprises the phosphonic acid 
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derivative or the pharmacologically acceptable salt 
thereof described above as. the active ingredient. 

(D) a preventive or therapeutic medicine for 
hypertension which comprises the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof described above as the active ingredient, 

(E) a pharmaceutical composition which comprises a 
therapeutically effective amount of the phosphonic 
acid derivative or the pharmacologically acceptable 
salt thereof described above and a pharmaceutically 
acceptable filler. 

(F) a use of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof described 
above for making a medicament for medically treating a 
disease against which a squalene synthetase inhibiting 
action is efficacious, 

(G) a use of the phosphonic acid* derivative or the 
pharmacologically acceptable salt thereof described 
above for making a medicament for hyperlipemia, 

(H) a use of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof described 
above for making a medicament for hypertension, 

(I) a method for medically treating a disease which 
comprises administering a therapeutically effective 
amount of the phosphonic acid derivative or the 
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pharmacologically acceptable salt thereof described 
above to a patient suffering from a disease against 
which a squalene synthetase inhibiting action is 
efficacious , 

(J) a method for medically treating a disease which 
comprises administering a therapeutically effective 
amount of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof described 
above to a patient suffering from hyperlipemia, and 
(K) a method for medically treating a disease which 
comprises administering a therapeutically effective 
amount of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof described 
above to a patient suffering from hypertension. 

The explanation with respect to the general 
formula (I) will be described hereinafter. 

The lower alkyl group defined with respect to R 4 . 
R 4 ', R 5 , R 6 , R 7 . R 15 , R 16 . R 17 . R 18 . R 19 and R 27 is a linear 
or branched alkyl group having 1 to 6 carbon atoms 
such as methyl group, ethyl group, propyl group, 
isopropyl group, butyl group, isobutyl group, sec- 
butyl group, tert-butyl group, pentyl group (amyl 
group), isopentyl group, neopentyl group, tert-pentyl 
group, 2-methylbutyl group, 3-methylbutyl group, hexyl 
group, isohexyl group, 2-methylpentyl group, 3-methyl- 



- 14 - 



WO 94/20508' 




PCT/JP94/003S4 



pentyl group, l . l-dimethylbutyl group. 2 . 2-dimethyl- 
butyl group, 2 , 3-dimethylbutyl group, 3 . 3-dimethyl- 
• butyl group. 2-ethylbutyl group. 1 . 1 . 2-trimethyl- 
1 propyl group, l-ethyl-l-methylpropyl group and 
2-ethyl-3-methylpropyl group. 

The lower alkyl group constituting the "lower 
alkyl group which may have a substituent" as defined 
with respect to R l , R 2 . R 3 . R 13 . R U . R a .-R 21 . R 22 - R 23 - 
and R 29 is the same as the one defined above, while the 
substituent constituting it includes aryl groups such 
as phenyl group, o-tolyl group, m-tolyl group, p-tolyl 
group. 1-naphthyl group and 2-naphthyl group; hydroxy 1 
group; cyano group; heteroaryl groups such as pyridyl 
group, pyrrolyl group, furanyl group, imidazolyl 
group, thiazolyl group, thienyl group, oxazolyl group, 
isoxazolyl group and pyrimidinyl group; cycloalkyl 
groups having 3 to 8 carbon atoms'; lower alkoxy 
groups; amino group and mono- and dialkylamino groups. 
These substituents may each be bonded to any carbon 
atom of the lower alkyl group. 

The alkyl group constituting the "alkyl group 
which may have a substituent" as defined with respect 
to R 8 , R 9 . R 10 . R 11 and R 12 is a linear or branched alkyl 
group having 1 to 20 carbon atoms. Among them, alkyl 
groups having 1 to 15 carbon- atoms are preferred. The 
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substituent constituting it is the same as the one 
defined above with respect to the lower alkyl group 
which may have a substituent. 

The lower alkoxy group constituting the "lower 
alkoxy group which may have a substituent" as defined 



and R 19 is one derived from the above lower alkyl 
group, and examples thereof include methoxy group, 
ethoxy group, n-butoxy group, isobutoxy group, sec- 
butoxy group, tert-butoxy group, 2-methylbutoxy group, 
3-methylbutoxy group, 2 , 3-dimethylpropoxy group, 
hexyloxy group and octyloxy group. The substituent 
constituting it includes lower alkoxy groups such as 
methoxy group and ethoxy group; amino group; dialkyl- 
amino group; monoalkylamino group, cyano group and 
hydroxyl group. 

The lower alkenyl group constituting the "lower 
alkenyl group which may have a substituent" as defined 
with respect to R 20 , R 2i . R 22 , R 23 , R 25 and R 29 is one 
derived from the above lower alkyl group. In other 
words, the lower alkenyl group is one derived from the 
above lower alkyl group by replacing one or two of the 
carbon-carbon single bonds by double bond(s). The 
substituent constituting it is the same as the one 
defined above with respect to the lower alkyl group 



with respect to 



Rl, r 8 . r 9 . r 10 . r 11 . r 12 . r 15 . r 16 . r 17 . r 18 
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which may have a substituent. 

The alkenyl group constituting the "alkenyl group 
r which may have a substi tuent " as defined with respect 
to S, R 8 . R 9 . R 10 . R 11 and r12 is a !i near or branched one 
having 2 to 20 carbon atoms and 1 to 3 double bonds. 
Among them, alkenyl groups having 5 to 15 carbon atoms 
are preferred. The substituent constituting it 
includes cycloalkyl groups having 3 to 8 carbon atoms, 
hydroxyl group and cyano group. 

The alkali metal defined with respect to R 2 , R 3 , 
R 4 . R 4 \ R 5 and R 7 includes lithium, sodium, potassium 
and rubidium, among which lithium, sodium and 
potassium are preferable, with sodium being most 
preferable. 

The acyl group defined with respect to R 8 , R 9 . R 10 . 
R 11 and R 12 includes those derived from aliphatic 
saturated carboxylic acids having 1 to 8 carbon atoms, 
e.g., formyl group, acetyl group and propionyl group; 
those derived from aliphatic unsaturated carboxylic 
acids having 1 to 8 carbon atoms, e.g., acryloyl 
group, propioloyl group, methacryloyl group, crotonoyl 
group and isocrotonoyl group; those derived from 
carbocyclic carboxylic acids having 1 to 8 carbon 
atoms, e.g.. benzoyl group and toluoyl group; and 
those derived from heterocyclic carboxylic acids 
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having 1 to 8 carbon atoms, e.g., furoyl group, 
thenoyl group, nicotinoyl group and isonicotinoyl 
group. In short, the acyl group may be any one 
derived from a carboxylic acid having 1 to 8 carbon 
atoms . 

The acyloxy group constituting the "acyloxyalkyl 
group" defined with respect to R 1 is one derived from 
the above acyl group, while the alkyl group 
constituting it is the same as the one defined above 
with respect to the lower alkyl group. 

The alkyl group constituting the "alkyloxy- 
carbonyl group" defined with respect to R 1 is the same 
as the one defined above with respect to the lower 
alkyl group. 

The acyloxy group constituting the "acyloxyalkyl 
group which may have a subst ituent " as defined with 
respect to R 4 is one derived from the above acyl group, 
while the alkyl group constituting it is the same as 
the one described above with respect to the lower 
alkyl group. 

The halogen atom defined with respect to R 8 . R 9 . 
R 10 , R 11 and R i2 includes fluorine atom, chlorine atom, 
bromine atom and iodine atom. 

The cycloalkyl group defined with respect to R 23 . 
R 23 . R 28 and R 29 is one having 3 to 8 carbon atoms. 
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The cycloalkyl group constituting the "cyclo- 
alkylalkyl group" defined with respect to R 23 and R 29 is 
the same as the one described above. The alkyl group 
constituting it is the same as the one described above 
with respect to the lower alkyl group. 

Preferable examples of the substituent 
constituting the "carbamoyl group which may have a 
substituent" or "carbamoyloxy group which may have a 
substituent" as defined with respect to R 8 , R 9 . R 10 . R 11 
and R 12 include lower alkyl groups, arainoalkyl groups, 
mono- and dialkylaminoalkyl groups, alkylcarbamoyl 
groups and arylcarbamoyl groups. 

The alkylene chain constituting the "alkylene 
chain which may have a substituent" as defined with 
respect to X and Y is one having 1 to 6 carbon atoms, 
while the substituent constituting it includes 
hydroxyl group, lower alkoxy groups, lower alkyl 
groups, lower acyloxy groups, alkylcarbamoyloxy groups 
and arylcarbamoyloxy groups. 

The alkenylidene chain constituting the 
"alkenylidene chain which may have a substituent" as 
defined with respect to X and Y is one which is 
derived from the above alkylene chain and which has 1 
to 6 carbon atoms and 1 to 3 double bonds. The 
substituent constituting it includes hydroxyl group. 
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lower alkoxy groups, lower alkyl groups, lower acyloxy 
groups, alkylcarbamoyloxy grours and arylcarbamoyloxy 
groups . 

The alkynylidene chain constituting the 
"alkynylidene chain which may have a substituent" as 
defined with respect to Y is one which is derived from 
the above alkylene chain and which has 1 to 6 carbon 
atoms and one or two triple bonds. The substituent 
constituting it includes hydroxyl group, lower alkyl 
groups, lower alkoxy groups, lower acyloxy groups, 
alkylcarbamoyloxy groups and arylcarbamoyloxy groups. 

x and y are independent of each other and are 
each an integer of 0 to 3 and it is preferable that 
the sum of x and y be 3 or 4. The case wherein the 
sum of x and y is 0 is excepted. 

Specific examples of the group represented by the 
formula: 

— D E-(CH : ) w -F-CCHt) z - 

(wherein D, E. F, x, y, w and z are each as defined 
above) as defined with respect to T include the 
following groups (a) to (j). among which the groups 
(c), (d) and (e) are preferable, with the groups (d) 
and (e) being still preferable: 
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a) 



-Q 



(CH } )£— 



b) 




— (CH0 2 — 



c) — N N— (CHt) 2 — 
W 



d) 



— N 




(CH : ) X — 



e) 




N — CCHi) z 



f) — f N— (CH 2 ) 2 — 



z 



) — N — (CH,) Z — 



/(CH 2 ) Z — 

- <y 



i) 



■(CHOx— J) 




(CH 2 ) Z — 



wherein z is an integer of 0 to 4, preferably 2 



or 3, 



As defined above. R 13 and R 14 may form, together 
with the nitrogen atom to which they are bonded, a 
ring which may contain an oxygen atom, a sulfur atom 
or a nitrogen atom, and examples of the ring are as 
follows, though the ring according to the present 
invention is not limited to them: 
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These rings described above may have a mono- or 
divalent substituent and preferable examples of the 
substituent include lower alkyl groups, lower alkenyl 
groups, a group represented by the formula: =0 and a 
group represented by the formula: =S. 

The rings A and B as defined with respect to S 
each represents an aromatic ring and examples thereof 
include benzene ring, thiophene ring, furan ring, 
naphthalene ring, quinoline ring*, pyridine ring, 
pyrrole ring, imidazole ring, thiazole ring, oxazole 
ring, isoxazole ring, pyrimidine ring, benzimidazole 
ring and benzofuran ring. 

The pharmacologically acceptable salt according 
to the present invention includes inorganic acid salts 
such as hydrochloride, hydrobromide . sulfate and 
phosphate; organic acid salts such as acetate, 
maleate . tartrate , methanesulf onate , benzenesulf onate 
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and toluenesulfonate; and amino acid salts such as 
argininate. aspartate and glutaraate . 

Further, the phosphonic acid derivative of the 
present invention may form a metal salt such as 
calcium salt and magnesium salt. The 
pharmacologically acceptable salt of the present 
invention includes these metal salts. 

Although the phosphonic acid derivative of the 
present invention may be present as geometrical 
isomers (including cis- and trans-isomers) owing to 
its structure, the present invention includes both of 

the isomers. 

Representative processes for preparing the 
phosphonic acid derivative of the present invention 
will now be described. 

Prpp'arsflnn n rncp^s 1 

A compound represented by the general formula (I) 
wherein R 2 and R 3 are each a lower alkyl group; R A is a 
group represented by the formula: 

/ o 



-C-0R 4a N-N I rtT , sa (wherein 



II , \ or -P-OR 1 



l Ai . R 4 '*, R Sa and R 7a are each a lower alkyl group); 



- 23 - 



WO 94/20508 




PCT/JP94/00354 



R 1 is a hydrogen atom; and R B is a group represented by 
R 23 ' 

the formula: S-N-(CH 2 ) S -W- (CH 2 ) t - (wherein S. W, R 23 . s 
and t are each as defined above) or a group 
represented by the formula: 



S-D E-(CH 2 ) v -F-CCH 2 ) z 
(6 Vy 



(wherein S, D, E, F, x. y. w and z are each as defined 
above) can be prepared by the following Methods 1 or 
2. The following Methods 1 and 2 include, needless to 
say. methods for preparing a compound represented by 
the general formula (I) wherein E represents a 
nitrogen atom and others are each as defined above. 
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<Method 1> 

0 



R33 « OR" 

S-NH + L-(CH l ) s -W-CCH:) t -CH< OR Sti 



(IV) (vi) 



0 

R :3 II .0R 2a 

P\ 

S-N-(CH,) s -W-(CH,)t-CH< 

R 

CIO 



or 



S -D EH + L-XCH 2 ) v - F~ (CH 2 ) z - "C^OS 3 * 

CC3 2 y 

(VII) 

(V) 

o 2a 

r 2 x > ^ 3a 

2 7 (HI) 



wherein S. w. R 23 , D. E. F. s. t. x. y. w and z 
are each as defined above; R 2a and R 3 * are each a lower 
alkyl group; R* 3 is a group represented by the formula: 
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-C-OR 



(wherein 



II 

0 




or 



P-0R 5a 



OR 7a 



R 4a . R 4 ' a , R 5a and R 7a are each as defined above); 



and L represents a halogen atom or a leaving group 
such as tosyloxy group, acetoxy group and mesyloxy 
group . 

Specifically, the Method 1 is one which comprises 
conducting the reaction of an amine represented by the 
general formula (IV) with a compound represented by 
the general formula (VI) or that of an amine 
represented by the general formula (V) with a compound 
represented by the general formula (VII) in the 
presence of a base and further, if necessary, a 
catalyst under stirring to prepare the compounds (II) 
or (III) . 

The solvent usable in the above reaction includes 
dimethylf ormamide , dimethylsulf oxide . dichloromethane . 
chloroform and tetrahydrof uran . 

Preferable examples of the base usable in the 
reaction include inorganic bases such as sodium 
carbonate an potassium carbonate; and organic bases 
such as triethylamine and diisopropylamine . 
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Preferable examples of the catalyst usable in the 
reaction include organic palladium catalysts such as 
tetrakis(triphenylphosphine) palladium, palladium 
acetate and bis ( triphenylphosphine ) palladium 
chloride; and organic nickel catalysts such as 
dichlorod, 3-bis ( triphenylphosphino ) propane] nickel 
(II) and bis(acetylacetonate) nickel. 

The reaction temperature may range from room 
temperature to 100° C. preferably from room temperature 

to 60° C. 
<Method 2> 




0 

R »3 II OR" 
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(IX) 



S-L+ H-D 





CXI) 



0 



5-D 



11/05 




(III) 



wherein S, W, R^, D. E. F, L, R M . R ia , R Ja . s. t. 
x, y, w and z are each as defined above. 

Specifically, the above compounds (II) or (III) 
can also be prepared by reacting a compound 
represented by the general formula (IX) with an amine 
represented by the general formulas (X) or (XI) in the 
presence of a base under stirring. 

The base usable in the above reaction includes 
inorganic bases such as potassium carbonate and sodium 
carbonate; and organic bases represented by tertiary 
amines such as triethylamine and diisopropylethyl- 
amine . 

Although the solvent to be used in the reaction 
may be any one inert to the reaction, preferable 
examples of the solvent include organic solvents such 
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as dimethylformamide, dimethylsulf oxide . dichloro- 
methane. chloroform and tetrahydrof uran . The reaction 
temperature is preferably from room temperature to 
100"C. still preferably room temperature to 60°C. 

A compound represented by the general formulas 
(II) or (III) wherein W or F is a group represented by 

OH 

the formula: \ ; E is an nitrogen atom and s or 

-CH- 

w is 1 can also be prepared by the following process: 

R a3 
S-NH 



an) 

or + 




0 

11 ,0R la 
(CH,) t -CH< 0R 3a 



S-D NH 

^<CH I )/ / 
(XIII) 
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heat 



S-N - CH 



R'3 




or 



S-D 



r 

D 



<CHi)/ 



<CH,),- 



J 




wherein R' a , R , R . R , S. D. t, x and y are each 
as defined above. 

Specifically, this process is one which comprises 
heating a mixture comprising an amine represented by 
the general formulas (XII) or (XIII) and a carbonic 
ester represented by the general formula (XIV) in the 
absence of any solvent to prepare an objective 
compounds (XV) or (XVI) . 
Preparation process 3-1 

A compound represented by the general formula (I) 
wherein T in the definition of R B is a group 
represented by the formula: -NH- , or a compound 
represented by the general formula (III) wherein F is 
a group represented by the formula: -NH-; z is 0 and 
is a group represented by the formula: 
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□ 

l» .OR 5<1 (wherein R 5 * and R 7a are each as defined 
OR 7a 



above) can also be prepared by the following: process 



S ITH, 
(XVII) 



HC(0-lover alkyl) 3 
HPO-(0-lovsr alKyl) 2 



S KH" 

(XIX) 



II ✓oh" 
^-•P-v 3 a 
CH OR 



P — OR" 
OR 



7a 



HCCO-lower aixyl). 



HPO-CO-lower alXyl) 2 



S-D 



(XVIII) 



E-(CB 2 ) V - 



HH, 



S-D E-(CH ) - 

v , 2 v 



0 ?a 
ll^0R 2a 

/P> - 3a 
HH — CI^ OR 

p— OS 



5a 



(XX) 



OR 



7a 
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wherein S, R 2a , R 3a . R 5a . R 7a . D. E and w are each as 
defined above. 

Specifically, this method is one which comprises 
condensing* an amine represented by the general 
formulas (XVII) or (XVIII) with a phosphonic ester in 
the conventional manner to prepare the objective 
compounds (XIX) or (XX) . 
Preparation prorpqs 3-2 

A compound represented by the general formulas 
(II) or (III) wherein E is a nitrogen atom; W or F is 
a group represented by -NH- ; t or z is 0; and R** is a 



(wherein R 5a and R 7a are each as defined above) can also 
be prepared by the following process: 



0 



group represented by the formula: 




OR 



HC(0- lower alkyl) 3 
HPO-(0-lower alkyllj 



S-N — (CH,) 9 



NHi 



(XVII -2) 




0 OR** 



- 32 - 



WO 94/20501 



# 



PCT/JP94/00354 




HC(0-lower alkyl), 
HPO-(0-lower alkyl ) z 



N — (CHj) w — NH: 



(XVI II -2) 





P-OR 
Pt-OR 



S-D 



N-(CH 2 )„-NH 



CH< 



(XX-2) 




wherein S. R 23 . R 2a . R 3a . R 5a . R 7a - D. s and w are 
each as defined above. 

Specifically, this method is one which comprises 
condensing an amine represented by the general 
formulas (XVII-2) or (XVIII-2) with a phosphonic ester 
in the conventional manner to prepare the objective 
compounds (XIX-2) or (XX-2). 

A compound represented by the general formula (I) 
wherein T in the definition of R B is a single bond can 
also be prepared by the following process: 
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0 

II ^OR 2a 

„P< a (XXI II) o 

H, C< X OR* B OR 1 * 

S-L »S-CH< rA4 OR- 

(XX,I) (XXIV) 



wherein S, L. R 2a . R 3a and R** are each as defined 
above . 

Specifically, the objective compound (XXIV) can 
be prepared by condensing* a compound represented by 
the general formula (XXII) with a phosphonic acid 
derivative represented by the general formula (XXIII) 
in the presence of a base. 

The base is preferably an alkali metal hydride 
such as sodium hydride and potassium hydride, or an 
alkali metal alcoholate such as sodium methoxide, 
sodium ethoxide and potassium tert-butoxide , though it 
may be any conventional one. 

Preferable examples of the solvent usable in the 
above reaction include N.N-dimethylformamide, N.N- 
dimethylacetamide , N-methylpyrrolidone , tetrahydro- 
furan and 1 , 2-diraethoxyethane , though the solvent may 
be any one inert to the reaction. The reaction 
temperature is preferably about 0 to 100° C, still 
preferably 20 to 80°C. 
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A compound represented by the general formula (I) 
wherein R 2 and R 3 are each a lower alkyl group; R A is a 

0 

II o R ' *■ 

group represented by the formula: _ p / 

OR'' 0 " 

(wherein R 5a and R 7a are each as defined above) and R B 
is a group represented by the formula: 

R*. 

(wherein A. R 8 . R 9 . R 10 . R 11 and R 12 are 




R" 

each as defined above) can be prepared by the 
following process: 

Rl o_L_ A 4— CHt — L 




GOV) r8 

4- CHj P (O-lower alkyl >a. 

(XXVI) 
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step 2 




(XXVII) 

wherein ring A, R 1 . R 8 . R 9 . R 10 . R 11 . R 12 , R 2a . R 3a and 
L are each as defined above; and R* is a group 

0 

II fjpia r. 

represented by the formula: _p/ (wherein R ad 

OR 1a 

and R 7a are each as defined above). 

Specifically, this process is one which comprises 
converting a compound represented by the general 
formula (XXV) into a phosphonate (XXVI) in the first 
step of and reacting the phosphonate with an acid 
chloride of a lower alkyl ester of phosphorous acid in 
the presence of a base in the second step to prepare 
the objective compound (XXVII). Preferable examples 
of the base include n-butyllithium and lithium 
diisopropylamide . The reaction temperature is 
preferably from -80° C to room temperature. 

Prpparatirm proofing fi 

A compound represented by the general formula (I) 
wherein R 2 and R 3 may be the same or different from 
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each other and each represent a hydrogen atom or an 
alkali metal; and R A is a group represented by the 

/ 0 
-C-OR^; N -N II _ 5b 



formula: n , h \ or -P-OR 

0 "\. i » 



(wherein R 4il , R 4 ' b , R 5b and R 7b are each a hydrogen atom 
or an alkali metal) or a compound as defined above 
wherein at least one of R 2 . R 3 . R 4b . R n . R Sb and R 7b is a 
hydrogen atom or an alkali metal and the others 
thereof are each a lower alkyl group can also be' 
prepared by the following process: 

R» 0 R* 0 l 

R A._ C -p< > R C ~ P Cd.> 

I 0R Ja I OR 

R 1 R 1 

<OT ID C« 1X) 

wherein R 1 . R* 2 , R B . R 2 * and R 3a are each as defined 
above; R^ represents a group represented by the 

/ 0 
-C-OR* b N-N H 5b 

formula: n , /, \ or -P-OR 

0 J* At>?> 

OR 

(wherein R 4b . R 4 ' b , R sb and R 7b are each as defined 
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above); and R 2b and R 3b are each a hydrogen atom or an 

alkali metal. 

Specifically., this process is one which comprises 
dealkylating an alkyl phosphonate derivative 
represented by the general formula (XXVIII) in the 
conventional manner. 

This process is one which comprises, e.g.. 
treating the compound (XXVIII) with excess of a 
trimethylsilyl halide and treating the obtained 
compound with water or an alcohol to prepare the 
objective compound (XXIX). 

In the above reaction, it is preferable to use a 
nonaqueous solvent such as dichloromethane . 
chloroform, carbon tetrachloride, benzene and 
acetonitrile. The reaction temperature is preferably 
from about -20° C to room temperature. 

Further the compound (XXIX) can be converted into 
the corresponding phosphonic acid through acidic 
hydrolysis in the conventional manner. The acidic 
hydrolysis is preferably conducted by adding 
concentrated hydrochloric acid to the compound (XXIX) 
and heating the resulting mixture under reflux. 

A compound represented by the formula (XXVIII) 
wherein R* 3 is a group represented by the formula: 
-C0OR 4a (wherein R 4a is as defined above) can be 
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converted into a compound represented by the formula 
(XXIX) wherein R Ac is a group represented by the 
formula: -COOR 4b (wherein R 4b is as defined above) by 
the conventional alkaline hydrolysis with sodium 
hydroxide or potassium hydroxide. 

Further the compound (XXVIII) can also be 
converted into a partial ester by changing the 
reaction conditions, for example, by reducing the 
amount of the trimethylsilyl halide to be added to the 
compound (XXVIII). or by conducting ester cleavage 
(i.e.. dealkylation of the trialkylphosphate ) . at a 
temperature of as low as -10° C or below. 
Prpnaration nrnress 7. 

A compound represented by the general formula (I) 
wherein at least one of R 2 . R 3 . R 4 . R 5 and R 7 is a 
benzyl group, a picolyl group, an alkyl group which 
may have a substituent. a lower' alkyl group which may 
have a substituent. an acyloxyalkyl group, an alkyl- 
oxycarbonyloxyalkyl group or hydrogen atom can be 
prepared by the following process: 




R 1 0 



6 



R 1 0 

I H ,OR 



* R 




occo 



(XXXI) 
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wherein R Ad is a group represented by the formula: 

0 

-C-OH N-NH n 

II , // \ or -P-OH 

N R 6d 

(wherein R 6(i represents a lower alkyl group or a 
hydroxyl group); R B and R l are each as defined above; 
R 2e and R 3e each represents a benzyl group, a picolyl 
group, an alkyl group which may have a substituent, a 
lower alkyl group which may have a substituent, an 
acyloxyalkyl group, an alkyloxycarbonyloxyalkyl group 
or a hydrogen atom; and R^ represents a group 
represented by the formula: 

II , a \ or -P-OR' e therein 



0 ~ .N I 

R 



R 4e and R 4 e each represents a benzyl group, a picolyl 
group, an alkyl group which may have a substituent. a 
lower alkyl group which may have a substituent, an 
acyloxyalkyl group or a prodrug ester forming group: 
and R 6e represents a lower alkyl group or a group 
represented by the formula: -0R 7e (wherein R 7e 
represents a benzyl group, a picolyl group, an alkyl 
group which may have a substituent, a lower alkyl 
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group which may have a substituent, an acyloxyalkyl 
group or a prodrug ester forming group)]. 

Specifically, the objective compound (XXXI) can 
be prepared by heating a mixture of a phosphonic acid 
derivative represented by the general formula (XXX.) 
with an alkyl halide in the presence of a base. 

The base is preferably a tertiary amine such as 
diisopropylethylamine and triethylamine , though it is 
not limited to them. 

The solvent to be used in the above reaction is 
preferably a nonaqueous solvent such as dimethyl- 
formamide and dimethyl sulfoxide, though it may be any 
one inert to the reaction. 
Preparation process 8 

A compound represented by the general formulas 

(II) or (III) wherein W or F is a group represented by 

0 
J 

the formula: -C-0-; E represents a nirtogen atom and s 
or w is 0 can be prepared by the following process: 
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R :3 0 

or + PhO ^0-(CH t ) t -CH 

S-D NH 

(XIIO Q 

II .OR ia 

R" 0 P< , 

I ii / OR Ja 

S-N - C-0 -CCHz) t -CH 

\ R Aa 

CXXXVD 



heat 



or 

n 

,2«l 



II .OR' 



S-D N— C-0 - (CHiH-CH 



CXXXV1I) R 



wherein R 2a , R 3a . R**, R 23 . S. D, t. x and y are each 
as defined above; and Ph is a phenyl group. 

Specifically, the objective compounds (XXXVI) or 
(XXXVII) can be prepared by heating a mixture of an 
amine (XII) or an amine (XIII) with a carbonic ester 
(XXXV) in the absence of any solvent. The reaction 
temperature is generally from room temperature to 
100°C, preferably 40 to 70° C. 



- 42 - 



WO 94/2051 




PCT/JP94/00354 



Preparation process a 

A compound represented by the general formulas 

(I) wherein R 2 and R 3 are each a lower alkyl group, R A 

is a group represented by the formulas: -C-0R 4a , 

0 

0 



\ _ 



4'a 



or 



OR 



7a 



(wherein R 4a . R 4 ' a . R 5a and R 7a each represents a lower 
alkyl group). R 1 represents a hydrogen atom and R 8 is a 
group selected among groups represented by the 
formula: 



29 



23 



5 — CH— CH — K — CCH 2 ) s ~"¥"- (CH^ 



OH 



(wherein S, W, R 23 . R 29 , s, and t are each as defined 
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above) and groups represented by the formula: 



S — CH — CH N E- CCH,) ir F"" (CH ), 



~ (C Vy 

OH 



(wherein S. E, F. x, y. w and z are each as defined 
above) can be prepared by the following process: 



f * 23 8 „.* 

I P 
S CH CH + HH— CCH-) _ 1~ (CH_). CH^ ^OR 33 



(Ex.1) 



S — CH" CH" H— (CH 2 3 S — 7— (CH 2 ) t CH^ ^0E 3a 

(Ex. 2) 

OH 



or 
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S — CH _ CH ♦ HN 

\ / N 



P. 



29 



E " < c Vv"" I "~ CC Vz~~ CS 




0 




(EX.3) 



(Ex.1) 



— - S CH CB H 




29 




E-(CH 2 ) y -F-CCH 2 ) z 





(Ex.1) 



wherein S. W, R 23 , E, F ( R** f R 2a . R 3a . R 29 . s, t. x. 



y, w and z are each as defined above. 

That is, this process is one which comprises 
heating a mixture comprising: an epoxide represented by 
the general formula (Ex. 1) and an amine represented 
by the general formulas (X) or (Ex. 3) in the absensce 
of any solvent or in the presence of a solvent inert 
to the reaction to thereby prepare the objective 
compound (Ex. 4) . 

Preferable examples of the solvent usable in the 
above reaction include dichloromethane . chloroform, 
benzene, toluene, methanol, ethanol, tetrahydrof uran . 
dimethylformamide and dimethylsulf oxide . The reaction 
temperature is preferably 40 to 20CTC, more preferably - 
40 to 100'C. 
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Prftpara rinn process 1Q 

A compound represented by the general formula (I) 
wherein T in the definition of R B is a group 

H 
I 

represented by the formula: -N-C- can also be prepared 

0 

0 

by the following process: 



0 2a 

H 2 C < P "°2 3a (XXIII) 0 7; 

K and KaH - 

S — HC0 " " S — F— C Cii \^ 0R 

(Ex.5) (Ex. 6] 0 fi Aa 



wherein S, R 2a , R 3a and R** are each as defined 
above. 

That is, the objective compound (Ex. 6) can be 
prepared by condensing an isocyanate compound 
represented by the general formula (Ex. 5) and $ 
phosphonic acid derivative represented by the general 
formula (XXIII) in the presence of a base. 

The base is preferably an alkali metal hydride 
such as sodium hydride and potassium hydride, or an 
alkali metal alcoholate such as sodium methoxide, 
sodium ethoxide and potassium t-butoxide.. though it 
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may be any conventional one. 

Preferable examples of the reaction solvent 
usable in the above ' reaction include N . N-dimethyl- 
formamide. N.N-dimethylacetamide . N-methylpyrrolidone . 
tetrahydrofuran and 1 . 2-dimethoxyethane , though the 
solvent may be any one inert to, the reaction. .The 
reaction temperature is preferably 0 to 100'C. more 
preferably 20 t;o 80'C. 
Preparat ion nrnrpss 11 

A compound represented by the general formula (I) 

wherein R 2 and R 3 are each a lower alkyl group; R A is a 

group represented by the formulas: -C-0R 4a . 

1 

0 




N= 



.4'a 



or 



0 

5a 
p — OR 



OR 



7a 



(wherein R 4a . R 4 ' a . R Sa and R 7a are each a lower alkyl 
group). R 1 represents a hydrogen atom and R B is a group 
represented by the formula: 
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R 



23 



S-N^N-(CH 2 ) s -V-(CH 2 ) t 



(wherein S, W, R 23 , s and t are each as defined above) 
can be prepared by the following process: 



R 



23 



(Ex. 7) 



OR 



CCH_) — V— CCE.) T CH OR 

2s 2 l . \ R Aa 



2a 
3a 



(X) 



S N; 



23 



^/H-(CH 2 ] s -?-(CE 2 ] t — CH 



Aa 



■OR 

'or 



2a 



3a 



CEx. 8) 



wherein S. W. R 23 , R 2a , R 3a . R* 3 , s and tare each as 
defined above. 

That is, the objective compound (Ex. 8) can be 
prepared by heating a mixture of a formamidine 
derivative represented by the general formula (Ex. 7) 
and an amine represented by the general formula (X) . 

Examples of the solvent to be used in the above 
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reaction include preferably benzene, toluene, 
dimethylf ormamide and dimethylsulf oxide , though it may 
be any one inert to the reaction. The temperature is 
preferably 60 to 200'C, more preferably 100 to 150'C. 
The presence of a catalytic amount of a salt can 
accelerate the reaction, and ammonium sulfate and 
sodium chloride can be used as the salt. 

The preparation processes of representative raw 
materials used in the above Preparation processes will 
now be described. 
Preparation process A 

The compound (VI) used in the Preparation process 
1 can be prepared by the procedure represented by the 
following reaction scheme: 




0 

H X 0R 




0 

II ,0R 



base 
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0 

II X 0R S 4 

R" K 

JJ-LZ » H N -CCHe) s -W -CCH,) t -CH 

(VI) \ Aa 

wherein R* 3 . R 2i . R 3a . R 23 . W. L. s and t are each as 
defined above. 
Preparation process B 

The compound (XXXV) used in the Preparation 
process 8 can be prepared by the procedure represented 
by the following reaction scheme: 



0 0 
II .OR ta II 

p< + A 



/ OR ,a Ph-0 CI 

HO -CCH,)t-CH 

\. 



R 



Aa 



0 

ll ,OR Jlt 



PhO 0 -(CH,)t-CH 

ODKV) \ A * 



wherein R* 3 . R 2 *, R 3a . t and Ph are each as defined 
above . 

A pharmacological experimental example will now 
be described to illustrate the effect of the 
invention. 
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Pharmacological Experimental Example 
1. Experimental method 

50 Ml of 500 mM Tris-HCl (pH: 7.4). 50 m1 of 10 
mM magnesium chloride, 50 4 of 2 mM potassium 
fluoride, 50 /il of 10 mM nicotinamide adenine 
dinucleotide phosphate (hereinafter abbreviated to 
"NADPH" ) , 100 m1 of a sample solution of five-fold 
concentration, 100 4. of distilled water and 50 m1 of 
a 1 mg/ml rat liver microsome were put in a centrifuge 
tube, with the liver microsome being one prepared by 
the method which will be described below. 

The above mixture was preincubated at 31* C for 5 
minutes. 50 m1 of 100 mM 3H-FPP (10 mCi/mmol, NEN) 
was added to the resulting mixture to initiate a 
reaction. After 10 minutes, 1 ml of 4N sodium 
hydroxide was added to the mixture to stop the 
reaction, followed by the addition of 1 ml of ethanol. 
The obtained mixture was incubated at 80° C* for 12 
hours, cooled with ice and extracted with petroleum 
ether twice. The petroleum ether phases were 
separated from the aqueous phase and evaporated to 
dryness with nitrogen gas. The residue was dissolved 
in 25 m1 of chloroform containing squalene, farnesol 
and cholesterol as markers. The obtained solution' was 
applied to TLC (Empore: 412001-1) and developed with 
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benzene/isopropyl ether (1 : 1) for 6 minutes and with 
heptane for 15 minutes. 

The band of squalene was cut from the plate and 
examined for radioactivity with a liquid scintillation 
counter to determine the inhibitory ratio. 
Preparation of rat liver microsome> 

The rate liver microsome used in the above 
experiment was prepared as follows. 

A Sqraque-Dawley rat was fed with a feed 
containing 2% of cholestyramine (Dowex 1-X2) for at 
least 5 days to enhance the cholesterol biosynthesis 
activity. At midnight (0:00), the liver was 
extirpated from the rat. A 1.15 (w/v) % potassium 
chloride solution was circulated in the blood vessel 
of the liver extirpated under cooling with ice to 
remove the blood. The resulting liver was cut into 
small pieces with scissors, homogenized with a Teflon 
homogenizer of loose fitting type and subjected to 
centrif ugation (700 g, 10 minutes). The obtained 
supernatant was further subjected to centrif ugation 
(15000 g, 20 minutes) and the obtained supernatant was 
subjected to centrif ugation (105000 g, 60 minutes) to 
be separated into a microsome fraction and a 
supernatant. This microsome fraction was washed with 
a 0.1 M potassium phosphate buffer (pH: 7.4) once, and 
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suspended in the same buffer in a liver concentration 
of 3 g/ml. The obtained suspension was examined for 
protein content by the Lowry method and the protein 
content of the suspension was adjusted to 20 mg/ml. 
2. Experimental results 

The squalene synthetase inhibiting activities of 
representative compounds according to the present 
invention are given in Table A. The data of the Table 
A reveal that the compounds of the present invention, 
act as an effective squalene synthetase inhibitor. 

Table A 



Inhibitory activity against squalene synthetase 



Ex . No . 


Inhibitory activity IC<; n (nM) 


14 


2.4 


15 


0.81 


16' 


0.28 


19 


170 


32 


1.4 


41 


5.0 


42 


1.8 


114 


2.4 


201 


0.91 


209 


1.3 


210 


4.0 


223 


1.0 


230 


3.0 


238 


0.54 


246 


3.1 



It can be understood from the above experimental 
results that the phosphonic acid derivatives according 
to the present invention are useful as preventive and 
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therapeutic medicines for diseases against which a 
squalene synthetase inhibiting action is efficacious. 
Accordingly, the compounds according to the present 
invention are effective in the prevention and 
treatment of all diseases against which a squalene 
synthetase inhibiting action is efficacious. For 
example, the compounds of the present invention are 
effective in the prevention and treatment of 
hyperlipemia and prevent the evolution of 
atherosclerosis to regress thereof. Thus, the 
compounds of the present invention can also prevent 
the development and evolution of ischemic heart 
diseases such as myocardial infarction to treat 
medically thereof. Further, the compounds of the 
present invention inhibit squalene synthetases of 
eumycetes, so that they are useful as antifugal 
agents. Thus, they can be used in the prevention and 
treatment of all diseases to which eumycetes 
participate . 

There is known that the prenylation to give a ras 
protein plays an important role in the activation of 
the ras protein which is a carcinogenic one. The 
compounds of the present invention have the activity 
to interfere the prenylation to give a ras protein. 
In addition, the compounds of the present invention 
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also interfere the enzymes which catalyze the synthsis 
of a prenyl diphosphate, such as farnesyl diphosphate 
and geranylgeranyl diphosphate which plays as a 
substrate in the prenylation to give a ras protein. 
Therefore, the compounds of the present invention can 
prevent the development and evolution of carcinomas 
and cancers to regress thereof and are also useful as 
carcinostaic agents. 

Further, the compounds of the present invention 
having a bisphosphonic acid structure exhibit a 
calcium metabolism regulating activity and therefore 
are effective in medically treating osteoporosis, 
Parget's disease, carcinomatous hypercalcemia, 
arthritic calculus and calcareous metastasis. 
Furthermore, they are useful as therapeutic medicines 
for diabetes mellitus and rheumatism, and as anti- 
inflammatory agents, anticholelithogenic agents, 
hypotensive agents, hypoglycemic agents, diuretic 
agents, and antimicrobial agents. 

The compounds- of the present invention can use 
together with a HMG-CoA reductase inhivitor and the 
like which is another cholesterol-lowering agent. The 
combination use of the compound of the present 
invention with the HMG-CoA reductase inhivitor and the 
like brings a strong reduction in cholesterol 
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concentration in blood, and therefore, hyperlipemia 
can medically "be treated. 

The compounds of the present invention are less 
toxic and highly safe, thus being valuable also in 
this sence. 

When the compound of the present invention is 
used as a squalene synthetase inhibitor for the 
treatment and prevention of various diseases, it may 
be administered orally in the form of powder, granule, 
capsule or syrup, or alternatively parenterally in the 
form of suppository, injection, external preparation 
or drop. The dose thereof remarkably varies depending 
upon symptom; the sex, weight, age and sensitivity of 
a patient; the route of administration; the kind of 
preparation; and the kind of liver disease, and is not 
particularly limited. When the compound is 
administered orally, the dose per adult a day is about 
0.1 to 1000 mg. which may be administered in one to 
several portions. When it is administered as an 
injection, the dose is about 0.3 to 100 Atg/kg. 

The preparations according to the present 
invention are prepared by the use of the conventional 
carriers in the conventional manners. 

More precisely, a solid preparation for oral 
administration according to the present invention is 
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prepared by adding a filler and, if necessary, a 
binder, disintegrator, lubricant, color and/or 
corrigent to an active ingredient and shaping the 
obtained mixture into a tablet, coated tablet, 
granule, powder or capsule. 

Examples of the filler include lactose, corn 
starch, sucrose, glucose, sorbitol, crystalline 
cellulose and silicon dioxide; those of the binder 
include polyvinyl alcohol, polyvinyl ether, ethyl- 
cellulose, methylcellulose . acacia, tragacanth. 
gelatin, shellac, hydroxypropylcellulose , hydroxy- 
propylmethylcellulose , calcium citrate, dextrin and 
pectin; those of the lubricant include magnesium 
stearate, talc, polyethylene glycol, silica and 
hardened vegetable oil; those of the color include 
those authorized as pharmaceutical additives; and 
those of the corrigent include cocoa powder, mentha 
herb, aromatic powder, mentha oil, borneol and 
powdered cinnamon bark. Of course, the tablet and 
granule may be suitably coated with sugar, gelatin or 
the like, if necessary. 

An injection according to the present invention 
is prepared by adding a pH regulator, buffer, 
stabilizer and/or solubilizing agent to an active 
ingredient at need and formulating the mixture into an 
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injection for subcutaneous, intramuscular or 
intravenous administration by the conventional 
process. 

Examples 

Examples will now be described, though it is 
needless to say that the present invention is not 
limited to them. In the Examples. Me represents a 
methyl group, Et an ethyl group and Tos a tosyl group; 
and J H-NiMR spectra were determined with a Varian UNITY 
400. When CDC1 3 , CD3OD or DMS0-d 6 was used as the 
solvent, each value was determined with Me^Si (6=0) as 
the internal reference. When D 2 0 was used as the 
solvent, each value was determined by taking the 6 
value of D 2 0 as 4.65, unless otherwise stated. In each 
case wherein DSS is described as the internal 
reference, sodium 3- ( trimethylsilyl ) -1-propane- 
sulfonate was used as the internal reference (6=0). 
Preparative Frampl p. 1 

Tptrapthvl 4-mpthvl aminnhntvl fripnpriipho^phonatp 
( a ) 3- ( N-Mpthvl hgn?v1amino)-1-ph1 ornpropanp 




60 ml of l-bromo-3-chloropropane was added to a 
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mixture comprising 60 g of N-methylbenzylamine . 100 g 
of . anhydrous potassium carbonate and 200 ml of N.N- 
dimethylf ormamide , while maintaining the mixture at 
room temperature on a water bath. The obtained 
mixture was stirred at that temperature overnight to 
conduct a reaction. The reaction mixture was 
extracted with ethyl acetate/water. The ethyl acetate 
phase was washed with water and a saturated aqueous 
solution of common salt, dried over anhydrous 
magnesium sulfate and concentrated. The residue was 
subjected to silica gel column chromatography (0 to 
1.5% methanol/chloroform) to give 69 g of the title 
compound. 
• L H-NMR * (CDClj) : 

1.97(2H. quint. J=7Hz). 2.20(3H. s). 2.53(2H. t. 

J=7Hz). 3.50(2H. s), 3.61(2H. t. J=7Hz) . 

7.20-7.35(5H. m) 
(b) TPtraPthvl 4- < N-mPthvl hp n^vl aminolhlltvl i dfine- 

rti phn^phnnatp 



0 

II 

P(QEt)i 




PC0Et) 2 
II 
0 
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10 g of tetraethyl methylenediphosphonate was 
dropwise' added to a mixture comprising 1.3 g of sodium 
hydride and 30 ml of N , N-dimethylf ormamide . After the 
resulting mixture bubbled and turned into a 
transparent solution, 7.0 g of the 3- (N-methylbenzyl- 
amino) -1-chloropropane prepared in the step (a) was 
added to the transparent solution and the obtained 
mixture was heated on an oil bath at 80* C for 10 hours 
to conduct a reaction. The reaction mixture was 
extracted with ethyl acetate/water. The ethyl acetate 
phase was washed with water and a saturated aqueous 
solution of common salt, dried over anhydrous 
magnesium sulfate and concentrated. The residue was 
subjected to silica gel column chromatography [1 to 3% 
(1% concentrated aqueous ammonia/methanol ) /chloroform] 
to give 7.7 g of the title compound. 
• *H-NMR MCDC1 3 ) : 

1.34(12H. t, J=7Hz), 1.75-2.05(4H. m) . 2.18(3H, 
s). 2.35(1H. tt. J=6Hz, 23Hz) . 2.39(2H, t, 
J=7Hz). 3.48(2H. s), 4 .12-4 . 22(8H. m) , 
7,20-7.33(5H, m) 
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(c ) Tsrraprh" ! A-mprhvT ami nnhntvl i Hffnprl i nhosnhnnfl If 



A mixture comprising 1 g of the tetraethyl 4-(N- 
methylbenzylamino)butylidenediphosphonate prepared in 
the step (b), a catalytic amount of 10% palladium/ 
carbon and 10 ml of ethanol was stirred in a hydrogen 
atmosphere at room temperature for 6 hours to conduct 
a reaction. The catalyst was filtered out and the 
filtrate was concentrated to give 700 mg of the title 
compound. 
. ^H-NMR 6(CDC1 3 ) : 

1.3SU2H. t. J=7Hz). 1.72-1. 85(2H. m) . 

1.89-2.05(2H, m). 2.32(1H. tt. J=6Hz. 24Hz) . 

2.43(3H. s). 2.6K2H. t, J=7Hz ) . 4 . 12-4 . 23( 8H . m) 




0 

II 

PCOEt), 



P(0Et) 2 

II 

0 
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Preparprivp Fv^mpl p 2 

(a) iV-RpnrvlQYvr^rhn nvl - 4 - h vri rox vmp r h v 1 P 1 D * r 1 d i n P 




A solution of 25 e of sodium hydrogencarbonate in 
200 ml of water was added to a solution of 15 g of 
4-hydroxymethylpiperidine in 150 ml of dichloro- 
methane. 25.7 ml of benzyloxycarbonyl chloride was 
dropwise added to the obtained mixture under vigorous 
stirring at room temperature. The resulting: mixture 
was stirred for 2 hours. The organic phase was dried 
and distilled to remove the solvent. The residue was 
purified by silica gel column chromatography 
[dichloromethane/methanol (100 : 2)] to give 20 g of 
the title compound. 
• *H-NMR 5(CDC1 3 ) : 

1.05-1.28(2H, m). 1 . 60-1 . 79 ( 3H , m) . 3.50(2H. s), 
4.22(2H, s). 5.14(2H. s). 7 . 28-7 . 38 ( 5H , m) 
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(b) .\f-Rpnyv1 OYvrarhnnvl -i- f mPfhpnp<;HT f nnvl nvvmpr'hvT ) - 

pi per f dine. 

0 




2.6 ml of methanesulfonyl chloride was dropwise 
added to a mixture comprising 7.5 g of the 
N - benzy loxy car bony 1-4-hydroxymethylpi peri dine prepared 
in the step (a). 4.6 ml of triethylamine and 100 ml of 
tetrahydrof uran under cooling with ice. After one 
hour, the resulting mixture was extracted with ethyl 
acetate. The organic phase was washed with water, 
dried and distilled to remove the solvent. 10.5 g of 
the title compound was obtained as a colorless oil. 
which was used in the subsequent step without further 
purification. 

( C ) N-Ren7v1 oyvrarhonvl -4*hromnmftthv1 p i pgr i 6 i ne 
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A mixture comprising 6.6 f of the N-benzyloxy- 
carbonyl-4- (methane sulf onyloxyme thy 1 )piperidine. 5.2 g 
of lithium bromide and 70 ml of tetrahydrof uran was 
refluxed for 2 hours to conduct a reaction. After the 
completion of the reaction, water was added to the 
reaction mixture. The resulting mixture was extracted 
with ethyl acetate. The organic phase was dried and 
distilled to remove the solvent. The residue was 
purified by silica gel column chromatography [hexane/ 
ethyl acetate (3 : 1)] to give 5.4 g of the title, 
compound as a colorless oil. 
* *H-NMR 6(CDC1 3 ) : 

1.14-1.30(2H, m). 1 . 75-1 . 90 ( 3H . m) . 2 . 68-2 . 85 ( 2H . 

ra), 3.30(2H. d, J=8Hz) . 4.22(2H. s). 5.13(2H. s). 

7.18-7. 28(5H. m) 
( d ) Tetrapfhvl 2- ( N-hgn7y1 OYvrarhnnv 1 -4-p i pgr i d i n vl )- 
p thvl i dpnp- 1 . 1 -ri i phosphonate 




3.2 g of the N-benzyloxycarbonyl-4-bromomethyl- 
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piperidine prepared in the step (c) was dropwise added 
to a solution of 3.2 e of- tetraethyl methylene- 
diphosphonate and 0.46 g of sodium hydride (60% oil 
dispersion) in 20 ml of anhydrous dimethylf ormamide at 
room temperature. The obtained mixture was stirred at 
60° C for 3 fours and poured into chilled water. The 
resulting mixture was extracted with ethyl acetate. 
The organic phase was dried and distilled to remove 
the solvent. The residue was purified by silica gel 
column chromatography [benzene/acetone (75 : 25)] to 
give 2.5 g of the title compound as a colorless oil. 
• te-NMR 5(CDC1 3 ) : 

1.00-1.15(2H. m). 1.33U2H. t, J«7Hz) . 

1.68-1. 90(5H. m), 2.47(1H. tt, J*24Hz, 7Hz). 

2.76(2H, s). 4.10-4. 22(10H, m) , 5.1K2H. s). 

7.28-7. 36(5H. m) 
(e) TfttrAPtbvl ?- ( 4-pi'pgr1 ri i nvl ) Pthvl i Hphp-1 1 - 
di phosphnnate 

o 

ii 




2.5 g of the tetraethyl 2- (N-benzyloxycarbonyl-4- 



- 65 - 



WO 94/20508 



PCT/JP94/00354 



piperidinyl )ethylidene-l , 1-diphosphonate prepared in 
the step (d)was dissolved in 50 ml of methanol, 
followed by the addition of 0.3 g of palladium/carbon. 
The obtained mixture was stirred at room temperature 
in a hydrogen atmosphere for one hour. After the 
completion of the reaction, the reaction mixture was 
filtered. The filtrate was subjected to vacuum 
distillation to remove the solvent, giving 1.7 g of 
the title compound. 
• *H-NMR 6(CDC1 3 ) : 

0.98-1.10(2H. m). 1.32(12H. t. J=7Hz) , 

1.70-1.90(6H. m). 2.38(1H. tt, J=24Hz, 7Hz). 

2.55(2H, br.d. J=10Hz), 3.04(2H. br.d, J=12Hz) . 

4.10-4.20(8H, m) 
Preparative Example 3 

Tetragthvl 4-ph gnoYVPflrhon vl o vvhn t vl i ripnp- 1 1 - 




0 



0 

II 

PCOEOt 




P(0Et) 2 

II 

0 



0.70 g of tetraethyl 4-hydroxybutylidene-l . 1- 
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diphosphonate was dissolved in 15 ml of anhydrous 
dichloromethane. followed by the addition of 0.39 ml 
of triethylamine and 0.30 ml of phenyl chlorof ormate 
under cooling with ice. The obtained mixture was 
stirred for 30 minutes. Water was added to the 
resulting mixture to cause phase separation. The 
organic phase was separated from the aqueous phase, 
dried and subjected to vacuum concentration to give 
0.954 g of the title compound. 
• *H-NMR 5 (CDC1 3 ) : 

1.34(12H. t. J=7Hz). 1.76-1.86(2H. ffl) . 

1.97-2.03(2H. m). 2.37(1H. tt. J=25Hz. 6H2). 

3.67(2H, t. J=6HZ). 4 . 13-4 . 24 ( 8H . m) . 

7.24-7.29(2H. m) . 7 . 38-7 . 44 ( 3H. m) 
Prpparat ivp Fvamnle 4 

Tptrasthvl A-(4-nitrnnh pnnvv)carhnnvlnyvhiirvl itienfi- 
1 1 -rH p hngphnnate 



The title compound was prepared in a similar 




P(0Et) 2 

II 

0 
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manner to that of the Preparative Example 3. 

• ^H-NMR 6 (CDClj) : 

1.32-1.43(12H. m). I. 75-1 . 88 ( 2H . m) , 
1.93-2.15(2H. m), 2.38(1H, tt, J=24Hz, 6Hz). 
3.67(2H, t, J=6H2), 4. 12-4 . 25( 8H , m) , 
7.48-7.54(2H. m) . 8 . 32-8 . 38 ( 2H , m) 

Prpnararlvo Fvamplp S 

Dt ethyl 1 -PthoYvrarhonvl vH roYvhntvl phngnhnnarp 

(a) Dl ffthyl ) -prhnrvrsrhnnv l r prr^hvdrnpvr^n -Q - 

vloxvlhntvl phnc phonatP 



21.5 g of sodium hydride was suspended in 400 ml 
of dimethylformamide , followed by the addition of 115 
g of triethyl phosphonoacetate under cooling with ice 
The obtained mixture was stirred at room temperature 
for 20 minutes, followed by the addition of 100 g of 
2- (3-bromopropyloxy ) tetrahydropyran. The obtained 
mixture was stirred at 80 - C for 6 hours. Water (12) 
was added to the resulting mixture, followed by the 
extraction with ether. The organic phase was washed 




COOEt 
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with a saturated aqueous solution of common salt, 
dried over anhydrous sodium sulfate and subjected to 
vacuum concentration. The residue was purified by 
silica gel column chromatography [ acetone/hexane ( 1 : 
2 to 1 : 1)] to give 90.5 g of the title compound. 

• to-NMR *(CDC1 3 ) : 

1.22-1.39(9H. m). 1 . 46-1 . 88(6H. m) . 1 . 90-2 . 10 ( 2H . 

m), 2.93-3.05(lH. m) . 3 . 34-3 . 43 ( 1H . m) . 

3.46-3. 53(1H. m). 3 . 68 -3 . 88 ( 2H . ra) , 4 . 08-4 . 25 ( 6H , 

m) f 4.54-4.59C1H, m) 
(b) ni pthvl 1 -Pthovvrarhonvl -4-h vri rorvhntvl - 

phosphonate 




COOEt 

The diethyl l-ethoxycarbonyl-4- Ctetrahydropyran- 
2-yloxy ) butylphosphonate prepared in the step (a) was 
dissolved in 500 ml of methanol, followed by the 
addition of 20 g of a cation-exchange resin (Dowex 
50w-8 f H type). The obtained mixture was mildly 
refluxed for 7 hours, cooled to room temperature, and 
filtered to remove the resin. The filtrate was 
distilled to remove the solvent, giving 68.8 g of the 
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title compound. 
• *H-NMR 5(CDC1 3 ) : 

1.26-1.46(9H, m). 1 . 55-1 . 82 ( 2H . m) , 1 . 90-2 ■ 11 ( 2H . 

m) . 2.93-3.06C1H, m) . 3 . 62-3 . 68 ( 2H , m) . 

4.08-4.26(6H, m) 
Prpnffr^rivP Pv^mpIP fi 

01 ethyl 1 -Pt-hnYvrarhnnv l -4- ( p- tol npnpgn 1 fnnvl nvy) - 

hntvl phn^phnnpfP 



50 g of the diethyl l-ethoxycarbonyl-4-hydroxy- 
butylphosphonate prepared in the Preparative Example 5 
was dissolved in 150 ml of anhydrous pyridine, 
followed by the addition of 44 g of p-toluenesulfonyl 
chloride at -20*C. The obtained mixture was stirred 
for 3 hours and poured onto ice-water. The resulting 
mixture was neutralized with dilute hydrochloric acid 
and extracted with ethyl acetate. The organic phase 
was washed with 2N hydrochloric acid, water, an 
aqueous solution of sodium hydrogencarbonate and a 
saturated aqueous solution of common salt 



0 
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successively, dried over anhydrous sodium sulfate and 
subjected to vacuum concentration. The residue was 
purified by silica gel column chromatography 
[dichloromethane/methanol (50 : 1 to 10 : 1)] to give 
46 g of the title compound. 
♦ l H-NMR 6(CDC1 3 ) : 

1.23-1.35(9H. in). 1.65-2. -04(411. m) . 2.45(3H. s). 

2.81-2.96UH, m). 3 . 97-4 . 07 ( 2H . m) . 4 . 09-4 . 24 ( 6H . 

m), 7.36(2H. d, J=9Hz), 7.77(2H, d, J=9Hz) 

Preparative Fv^mplp 7 

Hi Pthvl 1 -PthftYvrarhnnvl - 4-phPnnvvr a r honvl nxvhiltvl - 
phngphonatP 




COOEt 



The title compound was prepared from the diethyl 
l-ethoxycarbonyl-4-hydroxybutylphosphonate prepared in 
the Preparative Example 5 and phenyl chlorof ormate in 
a similar manner to that of the Preparative Example 3. 
* ] H-NMR *(CDC1 3 ) : 

1.27-1.36(9H. m). 1 . 55-1 . 84 ( 2H , m) . 1 . 90-2 . 13 ( 2H , 
m) , 2.93-3.06(lH, m) . 3 . 63-3 . 68 ( 2H , m) , 4.08-4.26 
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(6H. m). 7.20-7.30(2H. m) . 7 . 35-7 . 44 ( 3H . o) 
Prapara rivp Fvamplp ft 

Di prhvl 1 -prhnYvrarhnnvl - 4- { 4-n i f rophpnoyvr^ rhonvl - 
ovv)hntv1 phocphonafP 



The title compound was prepared from the diethyl 
l-ethoxycarbonyl-4-hydroxybutylphosphonate prepared in 
the Preparative Example 5 and 4 ' -nitrophenyl 
chloroformate in a similar manner to that of the 
Preparative Example 7. 
• *H-NMR 5(CDC1 3 ): 

1.25-1.38(9H, m). 1 . 57-2 . 18 ( 4H . m) . 2 . 92-3 . 12 ( 1H . 

m). 3.75-3.65(2H, t.. J>6Hz). 4 . 10-4 . 30 ( 6H . m) , 

7.48-7.53(2H. m) . 8 . 32-8 . 37(2H . m) 
Prpnaratlvp Fvamplo fl 

Tripthvl 3 4 -ppovv-l -parhnvvhiitvl phnqphonatfr 




0 

If 

PC0Et) 2 



COOEt 



0 




0 



P(0Et) 2 




COOEt 
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A mixture comprising 5.7 g of triethyl 
l-carboxy-3-butenylphosphonate and 100 ml of 
dichloromethane was stirred, followed by the addition 
of 5 g of 80% m-chloroperbenzoic acid. The obtained 
mixture was reacted at room temperature overnight. An 
aqueous solution of sodium hydrogencarbonate and a 
small amount of sodium sulfite were added to the 
reaction mixture successively, followed by stirring 
for 30 minutes. The dichloromethane phase was 
recovered, washed with an aqueous solution of sodium 
hydrogencarbonate and a saturated aqueous solution of 
common salt successively, dried over anhydrous 
magnesium sulfate, and concentrated. The residue was 
subjected to silica gel column chromatography (50 to 
100% ethyl acetate/hexane ) to give 3.9 g of the title 
compound. 
• l H-NMR 6(CDC1 3 ) : 

1.27-1.37(9H, m). 1 . 88-1 . 98 ( 0 . 6H , m) , 

2. 10-2. 28(0. 8H, m) , 2 . 32-2 . 42 ( 0 . 6H . m) , 

2.50(0.4H. dd, J=2Hz, 5Hz), 2.56(0.6H, dd. J=2Hz. 

5Hz), 2.75-2.80(lH, m) . 2 . 95 -3 . 01 ( 0 . 6H . m) , 

3. 03-3. 09(0. 4H, m) , 3,10(0.4H, ddd, J=5Hz, 9Hz. 

22Hz), 3.15(0.6H, ddd. J=3Hz, 12Hz. 23Hz) , 

4.10-4.30(6H, m) 
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Prpparativp Fvampl p 10 

tV—Mpthvl -d-\ d- ( 1 -hvriroYVPthvl ) hprt7v1 1 hpn7v1 ami np 
(a) 2-f4-fg- tivHrnYV-4-f 1 -mPthoYvmP th vl QYVPthvl ) - 
hpnrvl Iphpnvl 1-1 3-rfinvnlanP 




36 ml of a 2.5 M solution of n-butyllithium in 
hexane was dropwise added to a solution of 20 g of 
4-bromo(l-methoxymethyloxyethyl) benzene in 200 ml of 
anhydrous tetrahydrof uran , while the mixture was 
maintained at -50* C or below. The obtained mixture 
was stirred at -60° C for one hour, and 50 ml of a 
solution of 14.5 g of 4- (1 , 3-dioxolan-2-yl) - 
benzaldehyde in anhydrous tetrahydrof uran was dropwise 
added to the resulting mixture while maintaining the 
mixture at -60° C or below. The obtained mixture was 
stirred at -50° C for 30 minutes and poured onto 
ice-water. The obtained mixture was extracted with 
ethyl acetate. The organic phase was dried and 
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distilled to remove the solvent.- The residue was 
purified by silica gel column chromatography [hexane/ 
ethyl acetate (75 : 25)] to give 22.8 g of the title 
compound as a colorless oil. 
• *H-NMR 6(CDC1 3 ) : 

1.4SOH. d. J = 7Hz). 3.36(3H. s). 4 . 01 -4 . 08 ( 2H . 

m) . 4.08-4.14(2H, m). 4.52(1H. d. J=7Hz). 

4.56(1H. d. J=7Hz), 4.73(1H. q. J=7Hz). 5.80(1H. 

s). 5.86(1H. d. J=4Hz), 7.28(2H, d . J=8Hz). 

7.33(2H, d, J = 8HZ). 7.4K2H, d. J=8Hz), 7.45(2H. 

d, J=8Hz) 

(b ) ?- f 4- f 4- n -MftthoYvmprhv i nvvpthvl )hpn?vl Inhenv] } - 
1 .?-rH ovol anp 




20 ml of acetic anhydride was dropwise added to a 
mixture comprising 22.8 g of the 2- [ 4- [ a-hydroxy-4- ( 1- 
methoxymethyloxyethyl ) benzyl ]phenyl ] -1 , 3-dioxolane 
prepared in the step (a) and 30 ml of pyridine, and 
the obtained mixture was stirred at room temperature 
for 3 hours. After the completion of the reaction. 10 
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ml of water was added to the reaction mixture and the 
obtained mixture was further stirred for 30 minutes 
and poured onto ice-water. The resulting mixture was 
extracted with ethyl acetate. The organic phase was 
washed with IN hydrochloric acid, water, an aqueous 
solution of sodium hydrogencarbonate and a saturated 
aqueous solution of common salt successively, dried 
and distilled to remove the solvent, giving a 
colorless oil. 2 ml of pyridine, 100 ml of ethanol 
and 3 g of palladium/carbon were added to the oil and 
the obtained mixture was stirred in a hydrogen 
atmosphere at room temperature for 3 hours. After the 
completion of the reaction, the reaction mixture was 
filtered and the filtrate was subjected to vacuum 
.-^^ distillation to remove the solvent. The residue was 
purified by. silica gel column chromatography [hexane/ 
ethyl acetate (85 : 15)] to give 21 g of the title 
compound . 
• *H-NMR a(CDClj) : 

1.45(3H. d, J=7Hz). 3.36(3H, s), 3.98(2H. s) , 
4.00-4.06(2H. m), 4 . 09-4 . 15 (2H , m) , 4.52(1H, d, 
J=7Hz), 4.56(1H, d, J=7Hz), 4.72(1H, q. J=7Hz), 
7.14(2H, d, J = 8Hz), 7.2K2H. d, J=8Hz) , 7.23(2H, 
d, J-8HZ). 7.40(2H, d, J=8Hz) 
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(C) ^f4-(1 -Hvdroyyprhvl )hp n?v1 Ihpnyal dphvrip 



HO 




210 ml of tetrahydrof uran and 45 ml of 5N 
hydrochloric acid were added to 21 g.of the 
2- ( 4- [ 4- ( 1-methoxyme thyloxyethyl ) benzyl ] phenyl ] - 
1 , 3-dioxolane prepared in the step (b). The obtained 
mixture was stirred at 50° C for 2 hours to complete a 
reaction. The reaction mixture was poured into water 
and the resulting mixture was extracted with ethyl 
acetate. The organic phase was washed with an aqueous 
solution of sodium hydrogencarbonate to conduct 
hydration. The resulting organic phase was washed 
with a saturated aqueous solution of common salt, 
dried and distilled to remove the solvent. The 
residue was purified by silica gel column 
chromatography [hexane/ethyl acetate (70 : 30)] to 
give 9.8 g of the title compound as a colorless oil. 
* *H-NMR 6 (CDC1 3 ) : 

1.50(3H. d. J=6Hz), 4.05(2H, s), 4 . 80-4 . 92 ( 1H . 

m) . 7.17(2H, d, J = 8HzK 7.32(2H. d. J»8Hz). 
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7.35(2H, d. J=8Hz), 7.80(2H. d, J=8Hz), 9.99(1H. 
" s) 

( d ) N-Mprhv1-4-f4-f 1 -hvdrovvpthvl ) bgn?v1 ]bpn?v1grm'np 

HO 
\ 




9.8 g of the 4-(4-(l-hydroxyethyl)benzyl]benz- 
aldehyde prepared in the step (c) and 3.7 ml of 
methylamine (40% methanolic solution) were stirred 
together in 20 ml of methanol at room temperature. 
After one hour, the resulting mixture was cooled with 
ice. followed by the addition of 0.93 g of sodium 
borohydride. The obtained mixture was stirred at room 
temperature for 30 minutes. 5 ml of acetone was 
dropwise added to the resulting mixture under cooling 
with ice to treat excess sodium borohydride therewith. 
The reaction mixture was poured into water and the 
resulting mixture was extracted with dichloromethane . 
The organic phase was washed with water and a 
saturated aqueous solution of common salt, dried and 
distilled to dryness. The residue was recrystallized 
from ether/isopropyl ether to give 10.2 g of the title 
compound as a colorless solid. 
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• %-NMR 6(CDC1 3 ): 

1.47(3H. d. J=6Hz). 1.76UH, br.s), 3.69(2H. s). 

4.00(2H. s). 4.86(1H, q, J=6Hz). 7.14(2H, d. 

J=8Hz), 7.16<2H. d. J=8Hz). 7.2K2H, d, J=8Hz). 

7.29(2H, d, J=8Hz) 
Preparative Fvamplp ^^ 

(a) ?-Rrnmomprhv1 naphtha! fine 



A mixture comprising 200 g of 2-methyl- 
naphthalene, 260 g of N-bromosuccinimide and 600 ml of 
carbon tetrachloride was stirred under heating 



1.5 hours. The reaction mixture was cooled and 
filtered to remove insolubles. The filtrate was 
filtered through a silica bed and the silice gel was 
washed with hexane. The filtrate and washings were 
concentrated together. The obtained residue was used 
in the subsequent step without any particular 
purification. 
• A H-NMR 5(CDC1 3 ) : 
4.67(2H, s) 




together -with a small amount of benzoyl peroxide for 
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(b) 4-f 3-Nanhthvl )-?-hnrannnft 




200 ml of ethyl acetoacetate was dropwise added 
to a solution of 33 g of metallic sodium in 700 ml of 
ethanol under cooling with ice. The obtained mixture 
was stirred at that temperature for 30 minutes, 
followed by the addition of the whole 2-bromomethyl- 
naphthalene prepared in the step (a). The obtained 
mixture was stirred at room temperature overnight to 
conduct a reaction. The reaction mixture was 
acidified with concentrated hydrochloric acid and 
filtered to remove insolubles. The filtrate was 
concentrated, followed by the addition of 500 ml of 
acetic acid, 100 ml of concentrated hydrochloric acid 
and 100 ml of water. The obtained mixture was heated 
on an oil bath at 110° C for 10 hours, concentrated and 
extracted with ethyl acetate/water. The ethyl acetate 
phase was washed with water, an aqueous solution of 
sodium hydrogencarbonate and a saturated aqueous 
solution of common salt, dried over anhydrous 
magnesium sulfate and concentrated. The residue was 
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subjected to silica gel column chromatography (2.5 to 
7.5% ethyl acetate/hexane) and thereafter 
recrystallized from ethyl acetate/hexane to give 122 g 
of the title compound. 
• *H-NMR 5(CDC1 3 ) : 

2.15(3H. s). 2.84(2H. t, J=7Hz). 3.06(2H, t. 

J=7Hz). 7.3K1H. dd. J=2Hz, 8Hz), 7 . 39-7 . 48 ( 2H . 

ra), 7,61(1H, d, J=2Hz). 7 . 73-7 . 81 ( 3H , ra) 
(c) Frhvl m-3-mPthv l -5- f 9-naphrhvl ) - 9-nf>n t f>noa t e 



160 ml of triethyl phosphonoacetate was dropwise 
added to a mixture comprising 30 g of sodium hydride 
and 700 ml of tetrahydrof uran under stirring. After 
the resulting mixture turned transparent, 122 g of the 
4-(2-na,phthyl)-2-butanone prepared in the step (b) was 
added thereto. The obtained mixture was heated on an 
oil bath at 50° C for 3 hours to conduct a reaction. 
The reaction mixture was extracted with ethyl 
acetate/water. The organic phase was washed with a 
saturated aqueous solution of common salt, dried over 
anhydrous magnesium sulfate and concentrated. The 




COOEt 
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residue was subjected to silica gel column 
chromatography (1 to 3% ethyl acetate/hexane ) to give 
57 g of the title compound. 
• L H-NMR 6 (CDC1 3 ) : 

1..27(3H. t. J=7Hz). 2.24(3H. d. J-lHz). 2.53(2H. 

t, J=8Hz), 2.95(2H, t, J=8Hz), 4.14(2H. q. 

J = 7Hz). 5.72(1H. q. J = lHz) , 7.3K1H. dd. J=2Hz, 

8Hz). 7.40-7.48(2H. m) . 7.6K1H. d, J=2Hz). 

7.75-7.82(3H, m) 
(d) (F)^-iVlprhvl -=;-f^-n3nhrhv 1 ^-9-npnrPn-l -ol 




A mixture comprising 57 g of the ethyl (E)-3- 
methyl-5-(2-naphthyl)-2-pentenoate prepared in the 
step (c) and 700 ml of toluene was cooled to -40° C, 
followed by the dropwise addition of 300 ml of a 1.5 M 
solution of diisobutylaluminum hydride in toluene. 
The obtained mixture was maintained at that 
temperature for one hour to conduct a reaction. The 
temperature of the reaction mixture was raised to 
-20° C, followed by the addition of 40 ml of methanol. 
50% water/methanol was added to the resulting mixture 
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in portions to form a white precipitate. The 
resulting mixture was stirred as such for 2 hours and 
filtered to remove insolubles, and the insolubles were 
washed with ethyl acetate. The filtrate and washings 
were washed with water and a saturated aqueous 
solution of common salt, dried over anhydrous 
magnesium sulfate and concentrated. The residue was 
recrystallized from ethyl acetate/hexane to give 40 g 
of the title compound. 
• *H-NMR 6(CDC1 3 ) : 

1.76(3H. d. J = 1HZ). 2.42(2H. t, J-8H2) . 2.9K2H. 
t, J«8Hz). 4.14(2H. d. J«7Hz), 5.44(1H, tq, 
J=7Hz. 1Hz) B 7,32(1H. dd. J=2Hz, 8Hz), 
7.39-7.47(2H, m) . 7.6M1H, s), 7 . 75-7 . 82 ( 3H . m) 
(e) -Rrn mn-.?-mprhvl - S- ( 9-nanhth vl )-9- nPn rpnp 




1.6 ml of phosphorus tribromide was dropwise 
added to a mixture comprising 10 g of the 
(E)-3-methyl-5-(2-naphthyl)-2-penten-l-ol prepared in 
the step (d) and 100 ml of diethyl ether under cooling 
with ice. The obtained mixture was maintained at that 
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temperature for 20 minutes to conduct a reaction, 
followed by the addition of 200 ml of hexane. The 
obtained mixture was filtered through a silica gel bed 
and the silica gel was washed with hexane. The 
filtrate and washings were combined and concentrated 
to give li.i g of the title compound. 
• ! H-NMR 6(CDC1 3 ) : 

1.80(3H, d, J=lHz), 2.45(2H, t. J=8Hz), 2.90(2H. 

t. J=8Hz), 4.0K2H. d, J=7Hz) . 5.56UH. tq, 

J 3 7Hz , 1Hz). 7.3M1H, dd. J=2Hz. 8Hz) . 

7.38-7.47C2H. m) . 7.60(1H, d. J=2Hz), 

7.72-7.82(3H, m) 
Prpn^r^tivp Pramplp ^9 

2-Ar:proyv-4-hrnmomprhv1 hfinrnnhpnonp 
(a) nhpnvl hpnroarp 



35 ml of benzoyl chloride was added to a mixture 
comprising 25 g of m-cresol, 25 ml of pyridine and 200 
ml of ethyl acetate at room temperature. The obtained 
mixture was stirred overnight, followed by the 
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addition of water. The resulting mixture was stirred 
for 30 minutes. The ethyl acetate phase was 
recovered, washed with dilute hydrochloric acid, an 
aqueous solution of sodium hydrogencarbonate and a 
saturated aqueous solution of common salt 
successively, dried over anhydrous magnesium sulfate 
and filtered through a silica gel bed. The filtrate 
was concentrated to give 41.5 g of the title compound 
• *H-NMR 6(CDC1 3 ) : 

2.39(3H. s). 6.99-7.1K3H. m) . 7.3K1H. t. 

J=8Hz). 7.5K2H. t. J=8Hz) . 7.63(1H. tt . J=lHz. 

8Hz). 8.20(2H. dd. J-lHz* 8Hz) 
( b ) 9-HvHroyv-A-mPl-hvl hpn7 nphpnnnp 



-V, 




•V- 



OH 



A mixture comprising 21.2 % of the 3-methylphenyl 
benzoate prepared in the step (a) and 13.1 g of 
aluminum chloride was stirred on an oil bath at 180 to 
200° C for one hour, cooled and extracted with dilute 
hydrochloric acid/ethyl acetate. The ethyl. acetate 
phase was washed with water and a saturated aqueous 
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solution of common salt, dried over anhydrous 
magnesium sulfate and concentrated. The residue was 
subjected to silica gel column chromatography (0 to 4% 
ethyl acetate/hexane) to give 14.1 g of the title 
compound . 
• *H-NMR 6(CDC1 3 ) : 

2.38(3H, s). 6.68(1H. d. J=8Hz), 6.88UH, s). 

7.45-7.52(3H, m) . 7 . 55-7 . 60 ( 1H , m) , 7 . 63-7 . 68 ( 2H . 

m), 12.12UH. s) 
(C) ?-Acp1-oYV-4-mgthv1 hpnTophpnona 




0 OAc 



A mixture comprising 14.1 g of the 2-hydroxy-4- 
methylbenzophenone prepared in the step (b) t 20 ml of 
pyridine and 9 ml of acetic anhydride was allowed to 
stand at room temperature overnight. The obtained 
reaction mixture was subjected to vacuum concentration 
and extracted with ethyl acetate/water. The ethyl 
acetate phase was washed with water, dilute 
hydrochloric acid and an aqueous solution of sodium 
hydrogencarbonate successively, dried over anhydrous 
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magnesium sulfate and concentrated. The residue was 
subjected to silica gel column chromatography (5 to 
10% ethyl acetate/hexane) to give 16.3 g of the title 
compound . 
• 4l-NMR 5(CDC1 3 ) : 

1.95(3H, s). 2.43(3H. s). 7.00(1H. s). 7.13(1H, 
d. J=8Hz). 7.42-7. 47C3H. m) . 7.56(1H. tt. J=lHz. 
8Hz). 7.75(2H. dd. J=lHz. 8Hz) 
( d ) 9-AcprnYY-^-hrnm nmprhvl hpnrnnhpnnne 




0 OAc 



A mixture comprising 1.3 g of the 2-acetoxy-4- 
methylbenzophenone prepared in the step (c). 910 mg of 
N-bromosuccinimide and 20 ml of carbon tetrachloride 
was heated under reflux together with a small amount 
of benzoyl peroxide for one hour. The reaction 
mixture was cooled and filtered through a silica gel 
bed. and the silica gel was washed with 20% ethyl 
acetate/hexane. The filtrate and washings were 
concentrated together. The residue was subjected to 
silica gel column chromatography (7 to 10% ethyl 
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acetate/hexane ) to give 1.08 g of the title compound. 
• *H-NMR 5(CDC1 3 ) : 

1.95(3H. s), 4.5K2H, s) . 7.25UH. d . J=2Hz) . 

7.35(1H, dd, J=2Hz, 8Hz) f 7 . 43 -7 . 49 ( 2H . m) . 

7.52(1H. d, J=8Hz). 7.59(1H. tt, J=lHz , 8Hz). 

7.75-7.78(2H. m) 
Preparative, Example. 13 

2-f MF SF)-?.fi. 10-Trimprhvl -1 5 fl-imri a<~* r ri Pn vl 1 - 

ben?v1 hromifiP 

(a) Fthvl Q-fMF SF> -g.fi.m-rr1mprhv1-1 ~ Q- 




6.7 g of potassium t-b'utoxide was added to a 
solution of 12.5 g of diethyl 2-ethoxycarbonylbenzyl- 
phosphonate in 50 ml of dimethylf ormamide . The 
obtained mixture was stirred at 50° C for one hour, 
followed by the addition of 9.7 g of all-E-geranyl- 
acetone. The obtained mixture was stirred for one 
hour and poured into water. The resulting mixture was 
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extracted with ethyl acetate. The solvent was 
distilled off and the residue was subjected to silica 
gel column chromatography [ethyl acetate/hexane (0.4 : 
100)] to give 6.8 g of a mixture of the title compound 
with ethyl 2-[(lZ. SE) -2 . 6 , 10- tr imethyl-1 . 5 . 9-undeca- 
trienyl]benzoate. 

(b) 9-TMF. ?;n-9.fi.i n-TriniorhvT-i 5 
tn'pnvl ]hpn7v1 alcohol 




6.8 g of the mixture of ethyl 2-[(lE. 5E)-2.6.10- 
trimethyl-1.5,9-undecatrienyl]benzoate with ethyl 
2-[ (1Z. 5E) -2, 6 . 10- t rime thy 1-1 .5 . $-undecatrienyl ] - 
benzoate prepared in the step (a) was dropwise added 
to a solution of 2.4 g of aluminum lithium hydride, in 
40 ml of tetrahydrof uran . The obtained mixture was 
stirred at room temperature for 30 minutes, followed 
by the addition of 2.4 ml of water, 2.4 ml of a 5N 
aqueous solution of sodium hydroxide and 7.2 ml of 
water. The formed precipitate was filtered out and 
the solvent was distilled off. The obtained residue 
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was purified by silica gel column chromatography 
(hexane/ethyl acetate (100 : 2)] to give 1.9 g of the 
title compound. 
• l H-NMR 6 (CDClj) : 

1.60(3H. s). 1.65(3H. s) . 1.67(3H. s). 1.68(3H. 

d. J-<lHz) . 1.99-2. 13(4H, m) . 2 . 22-2 . 26 ( 4H . m) . 

4.64(2H. d. J=6H2). 5 . 07-5 . 15 ( 1H . m) . 

5.15-5.22(1H. m), 6.34(1H. s) 7 . 13-7 . 18 ( 1H . m) , 

7.23-7.19(2H. m) . 7 . 17-7 . 21 ( 1H . m) 
(C) 9-fMF fi 10-Tr1marhvl-1 5 Q- 

nnfipraTri pnvl IhPnyvl hrnmirip 




0.57 ml of methanesulfonyl chloride was dropwise 
added to a solution of 1.9 g of the 2-[(lE. 5E)- 
2,6, 10-trimethyl-l , 5 , 9-undecatr ienyl ] benzyl alcohol 
prepared in the step (b) and 1.02 ml of tr iethylamine 
in 10 ml anhydrous dichloromethane under cooling with 
ice. The obtained mixture was stirred for 30 minutes 
and poured into mater. The resulting mixture was 
extracted with dichloromethane. The organic phase was 
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dried and distilled to remove the solvent. 10 ml of 
tetrahydrofuran and 1.57 g of lithium bromide were 
added to the residue. The obtained mixture was 
stirred at 50° C for 4 hours and pouted into water. 
The resulting mixture was extracted with ethyl acetate 
and the organic phase was distilled to remove the 
solvent. The residue was purified by silica gel 
column chromatography [hexane/ethyl acetate (100 : 1)) 
to give 2.1 g of the title compound. 
• L H-NMR 6(CDC1 3 ) : 

1.60(3H. S). 1.63(3H. s) ■. 1.67-1. 70(6H. m) . 

1.99-2.I6(4H. m), 2 . 23-2 . 29 ( 4H . m) . 4.48(2H. s). 

5.09-5. 17(1H. m). 5 .19-5 . 23(1H, m) . 6.38(1H. s). 

7.12-7.17(1H. m). 7 . 17-7 . 29 ( 2H . m) . 7 . 34-7 . 39 ( 1H , 

m) 

Prpnarfltivft F vamplA 14 

TprraPthvl 5 -a rpt nvv- ( F ) - 3-ppn t pnvl 1 . 1 - 

hi qphogphnnate 
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(a) 3 : 1 Mi rtur* of 4- M . 1 -ri i mpthvl pthvl ) ri i phenyl - 
<; H vl oyv - 1 -a rproYv-(F)-?-hiirpnft anri 4-M.T-rlimprhyl- 
Pt hvl )riiphpnv1 si 1 vloxv-1 -acetoxv- m -2-butene 



25 g of 1 , 4-Butenediol (mixture of E:Z=3:1) was 
dissolved in 200 ml of DMF. and then 22 g of imidazole 
and 78 g of t-butyldiphenylsilyl chloride were added 
thereto, followed by stirring at room temperature for 
8 hours. Water was added to the reaction mixture thus 
obtained and the resultant solution was extracted 
three times with ethyl acetate. The organic phases 
were put together, washed twice with water and once 
with a saturated aqueous solution of common salt, 
dried over anhydrous sodium sulfate and concentrated 
under a reduced pressure. The oily substance thus 
obtained was purified by silica gel column 




CH 
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chromatography (2 to 20. % ethyl acetate/hexane) to 
give 42 g of the corresponding mono-t-butyldiphenyl- 
silyl compound. This mono-t-butyldiphenylsilyl 
compound was dissolved in 80 ml of pyridine to give a 
solution. Acetic anhydride was gradually added to the 
solution, followed by stirring at room temperature for 
3 hours. The reaction solution was concentrated under 
a reduced pressure to thereby give 47 g of the title 
mixture. 

• l H-NMR 6 (CDClj) : 

1.02(2.25H. s), 1.04(6.75H, s). 2.0K0.75H. s) . 
2.07(2.25H. s), 4.21(1.50 H. d. J*lHz) . 
4.27(0.50H. d. J=7Hz), 4.47(0.50H. d. J=7Hz). 
4.58C1.50H. d. J=7Hz). 5 . 50-5 . 60 ( 0 . 25H . m) . 
5. 76-5. 95(1. 75H, m) . 7 . 35-7 . 45 ( 6H . m) . 
7.63r-7.68(4H. m) 
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(b) TprraPthvl 5- M 1 -d i mpfh vl Pt h vl ) fi i phpnvl ^ilvlow 
fF)-,VponfPnv1 i rUnP-1 1 -Hi phogphonarp 



H 3 C 



CH. 



CI 



— 51 0' 



P0 3 EC 2 



P0 3 Et 2 



18.4 g of the mixture prepared in the step (a) 
was dissolved in 150 ml of THF , followed by the 
addition of 20.5 g of bis ( triraethylsilyl )actamide . 29 
g of tetraethyl methylenediphosphonate , 720 mg of 
triphenylphosphine and 1.65 g of retrakis( triphenyi- 
phosphine) palladium. The obtained mixture was heated 
under reflux for 8 hours under a nitrogen flow. The 
reaction solution thus obtained was concentrated under 
a reduced pressure, and the residue was purified by 
silica gel column chromatography [ isopropanol/hexane 
(1:4)] to thereby give 25 g of the title compound as 
a single compound. 
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. l H-NMR S(CDC1 3 ) : 

1.02OH. s). 1.32(12H. t. J=7Hz). 2.35(1H. tt . 

J = 23Hz. 7Hz). 2.61-2.75(2H. m) . 4 . 13-4 . 21 ( 10H . 

m). S.65(1H. dt. J=16Hz. 5Hz) . 5.82(1H. dt . 

J=16Hz. 7HZ). 7.35-7.42(6H. m) . 7 . 63-7 . 69 ( 4H . m) 
( C ) TPtraPthyl 5-hvri rnYv- f -3-npntf»nv1 i flPPP-1 .1- 
rf<phr>gnhfinatc 



HO 




P0 3 Et 2 

25 g of the compound prepared in the step (b) was 
dissolved in 200 ml of THF , and then 42 ml of a 
solution of IN tetra-n-butylammonium chloride in THF 
was added thereto. The obtained mixture was stirred 
at room temperature for 3 hours. The reaction 
solution thus obtained was concentrated under a 
reduced pressure, and the residue was purified by 
silica gel column chromatography (5 to 20 % 
methanol/dichloromethane) to thereby give 12g of the 
title compound. 
• l H-NMR 6(CDC1 3 ) : 

1.35(12H. t, J=7HZ), 2.40(1H, tt, J-23HZ, 7Hz ) . 
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2.61-2.77(2H. m) , 4.08(2H, d, J=6Hz), 4.12-4.22 
(8H, m). 5.76(1H, td, J=5Hz, 16Hz). 5.83(1H. td. 
J=7Hz, 16Hz) 

(d) TPtrapthvl .varprnYv- (F ) -3-npntPnvl i Hphp-I 1 - 

(11 phosphonatp. 



12 g of the compound prepared in the step (c) was 
dissolved in 100 ml of pyridine to give a solution. 
100 ml of acetic anhydride was gradually added to the 
solution, followed by stirring at room temperature for 
3 hours. The reaction solution thus obtained was 
concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (5 to 
10 % methanol/dichloromethane) to thereby give 13 g of 
the title compound. 
• ! H-NMR 5(CDC1 3 ) : 

1.35(12H. t. J=7Hz), 2.05(3H. s). 2.38(1H, tt, 

J=23Hz, 7Hz), 2.62~2.77(2H. m) . 4 . 13-4 . 23( 8H , m). 

4.52(2H, d, J=7Hz) , 5.68(1H, dt . J=15Hz, 6 Hz). 

5.92(1H. dt, J=15Hz, 7- Hz) 



AcO 
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Prpparaf ivp Fvamnl P IS 

1 1 -rlimprhvl -3- f 9- r h pyvphpnvl )PThv1 1 f ormffm 1 (1 i np 



9.5 ml of dimethyl sulfate was added to 7.7 ml of 
N.N-dimethylformamide at room temperature. The 
resulting mixture was heated in an oil bath of 90 'C 
for 2.5 hours under stirring. The reaction solution 
thus obtained was cooled with ice and then a solution 
of 15.1 g of 2-(2-methoxyphenyl)ethylamine in 20 ml of 
dichloromethane was dropwise added thereto over a 
period of 30 minutes. Thereafter, the resulting 
solution was heated under reflux in an oil bath of 
50" C for 3 hours. The reaction solution was cooled 
and then poured into a 20 % aqueous solution of sodium 
hydroxide. The dichloromethane phase was separated 
and the aqueous phase was extracted with 10 ml of 
dichloromethane. The dichloromethane phases were put 
together and washed with a saturated aqueous solution 
of common salt, dried over anhydrous magnesium 
sulfate, concentrated and distilled under a reduced 



HeO 
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pressure (113 to 114X/0.5 mmHg) to give 10.1 g of the 

title compound. 

• ! H-N[VIR fi( (dg-DMSO) : 

2.64(2H. t, J=8Hz). 2.72(6H, s). 3.2S(2H, t. 

J=8Hz), 3.77(3H, s) t 6.84(1H. t, J=8Hz). 6.93(1H. 

d. J=8Hz), 7.1K1H, dd. J = 8Hz. 2Hz). 7.16UH. dt . 

J=2Hz, 8Hz). 7.28(1H. s) 
FyamnlP 1 

Tftfr^pr hvl N-Mpfhvl - 4- f 4- M -h vri rnvvpr h vl )hftn?v1 1 - 
hPnyvl aminnlhntvl iripnp-1 1 -ri 1 nhosphnnare 



HO 0 




0 



7 g of the N-methyl-4-[4-(l-hydroxyethyl)benzyl] - 
benzylamine prepared in the Preparative Example 10, 13 
g of tetraethyl 4- (p-tolylsulf onyloxy )butylidene-l . 1- 
diphosphonate and 8 g of potassium carbonate were 
stirred together in 30 ml of dimethylf ormamide for 24 
hours to conduct a reaction. After the completion of 
the reaction, the reaction mixture was poured into 
water and the resulting mixture was extracted with 
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ethyl acetate. The organic phase was washed with 
water, dried and distilled to remove the solvent. The 
residue was purified by silica gel column chromato- 
graphy [dichloromethane/methanol (100 : 5)] to give 
7.3 g of the title compound. 
• L H-NMR 6(CDC1 3 ) : 

1.32U2H. t. J = 7Hz). 1.48(3H. d. J = 7Hz). 

1.73-1. 82(2H. m). 1.88-2.03(2H. m) . 2.16(3H. s). 

2.32(1H. tt. J=24Hz. 6Hz) . 2.36(2H. t. J=7Hz) . 

3.43(2H, s). 3.95(2H. s). 4 . 10-4 . 20 ( 8H . m) , . 

4.87(1H. quart. J=7Hz), 7.12(2H. d, J=8Hz) . 

7.17(2H. d. J=8Hz), 7.22(2H. d. J=8Hz) . 7.30(2H. 

d. J=8Hz) 
Fvamplp 2 

TPtrapthvl 4- \ 4- I 4-mpThnyvhfn7 nvl ) pi npr1 rl i no 1 - 
hnrvl f fipnp-1 . 1 - ri 1 phnqp hnnatp 



a 
II 




I o 
o 



The title compound was prepared from 
4- (4-methoxy )benzoylpiperidine in a similar manner to 
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that of the Example 1. 

• l H-NMR 5(CDC1 3 ) : 

1.35(12H. t. J=7Hz). 1.75-2.14(10H. m) , 
2.30-2.48(3H. m) . 3.00(2H. br.d. J=12Hz). 
3.14-3.24C1H. m). 3.88(3H. s). 4 . 13-4 . 23( 8H . m) , 
6.94(2H, dt, J=9Hz, 2Hz), 7.93(2H. dt . J=9Hz. 
2Hz) 

Df fthvl 1 -Pthnrvrarhnnvl -4-fN-mprhv i - r .?-hon^vi ) horvyv1 _ 
aminnlhurvl ph ngnhona r » 



0 

II 




1.3 g- of N-methyl- ( 3-benzyl ) benzylamine and 2.6 
of the diethyl l-ethoxycarbonyl-4- (p- toluene- 
sulfonyloxy)butylphosphonate prepared in the 
Preparative Example 6 were dissolved in 20 ml of 
dimethylformamide. followed by the addition of 2 g of 
potassium carbonate. The obtained mixture was heated 
to 60' C and stirred for 4 hours, followed by the 
addition of water. The resulting mixture was 
extracted with ethyl acetate thrice. The combined 
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ethyl acetate phases were washed with water and a 
saturated aqueous solution of common salt 
successively, dried over magnesium sulfate and 
subjected to vacuum concentration zo give a crude oil. 
This oil was purified by silica gel column chromato- 
graphy [aqueous ammonia/methanol/dichloromethane (1 : 
10 : 300)] to give 1.8 g of the title compound. 
• *H-NMR 5(CDC1 3 ) : 

1.22-1.38(9H. m). 1 . 45-1 . 70 { 2H f m) , 1 .82-2. 08 ( 2H . 

m). 2.17(3H. s). 2.37(2H. t, J=7Hz) . 

2.90-3.04(lH, m), 3.43(2H, s). 3.97(2H, s). 

4.08-4.22(6H, m) . 7 . 02-7 . 35 ( 9H . m) 
Fxample 4 

Tprr^tbvl 4- fN-mPthvl - ( ,?-arPt-QYv-4-hpn7nv1 bfin?v1 ) - 
amlnnlhnrvl 1 ripn pH 1 nhn^nhona te 




A mixture comprising 650 mg of the 2-acetoxy-4- 
bromomethylbenzophenone prepared in the Preparative 
Example 12 , 700 mg of the tetraethyl 4-methylamino- 
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butylidenediphosphonate prepared in the Preparative 
Example 1, 600 mg of anhydrous potassium carbonate and 
10 ml of N,N-dimethylformamide was stirred at room 
temperature overnight to conduct a reaction. The 
reaction mixture was extracted with ethyl acetate/ 
water. The ethyl acetate phase was washed with water 
and a saturated aqueous solution of common salt, 
successively . dried over anhydrous magnesium sulfate 
and concentrated. The residue was subjected to silica 
gel column chromatography [0 to 5% (1% concentrated 
aqueous ammonia/me thanol ) /chloroform] to give 600 mg 
of the title compound. 
• ! H-NMR 6 (CDCI3) : 

1.32C12H. t. J=7Hz), 1.75-1.88(2H. m) . 1.94(3H, 

s), 1.90-2.05(2H. m). 2.20(3H. s). 2.35(1H. tt. 

J=7Hz, 24Hz), 2.38-2.47(2H, m) , 3.54(2H, s). 

4.12-4.22(8H. m) . 7.17{1H, sj. 7 . 25-7 . 35 ( 1H . m) . 

7.41-7.52(3H, m) . 7.58(1H. t, J=8Hz) . 7.77(2H. d, 

J=8Hz) 
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Fvamplp 5 

TprraPthvl ?-fNW?-crvrv 1hpn?v1 ) n i npr i d i n^- Yl 1- 




0 



A mixture comprising 0.45 g of 3-styrylbenzyl 
bromide, 0.23 ml of triethylamine , 0.55 g of the 
tetraethyl 2-(4-piperidinyl)ethylidene-l,l- 
diphosphonate prepared in the Preparative Example 2 
and 10 ml of diraethylf ormamide was stirred at room 
temperature overnight. After the completion of the 
reaction, water was poured into the reaction mixture, 
followed by the extraction with ethyl acetate. The 
organic phase was washed with water, dried and 
distilled to remove the solvent. The residue was 
purified by silica gel column chromatography 
[dichloromethane/methanol (100 : 1.5)] to give 0.6 g 
of the title compound as a colorless oil. 
• X H-NMR 6{CDC1 3 ) : 

1.14-1.27(2H, m). 1.33Q2H. t, J = 7Hz) , 
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1.60-1.75OH. m). 1.77-1.90(2H. m) . 1.96(2H. dt . 
J = 11HZ. 2Hz). 2.39(1H. tt. J=24Hz. 7Hz ) . 2.9K2H. 
br.d. J = llHz), 4.10-4.2K8H. m) . 7.1K2H, s). 
7.20(1H. dt. J=8Hz. <lHz). 7.26(1H. tt . J = 8Hz. 
<lHz), 7.30CLH. t. J=8Hz). 7.36(2H. tt . J=8Hz. 
<1HZ). 7.4K1H. dt. J = 8Hz. <lHz). 7.46(1H. br.s). 
7.52(2H. dt. J=8Hz. <lHz) 
Fvampl p fi 

(A) ni »rhv1 1 -prhnYvr arhnnvl -4- f N-mpthvl -.?-mpthv1 -5- 
f9-nanhthvl ).%n» nfAnvl am i no 1 - 3-h vrl rovvhi) rv 1 - 
phnnphnnarp frlta«;tPrp fiinprip mlvTiire) 

(B) r>i Pfhvl g-ffj-mprhvl -3-mp'rhvl -S- ( ?-nanhthv1 )-?- 
ppnfpnvl ami nnlmprhvl -9-nYorp rrahvf1ro-fnran-3- 
vlphnsphnnarp fri<a<!rprpnn)p r1c mivrnrp^ 



0 




P(0Et) 2 



OH COGEt 



compound (A) 



0 




compound (B) 
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A mixture comprising 340 mg of the triethyl 
3 , 4-epoxy-l-carboxybutylphosphonate prepared in the 
Preparative Example 9.. 290 mg of N-methyl-3-raethyl - 
5-(2-naphthyl)-2-pentenylamine and 2 ml of N.N- 
dimethylformamide was heated on an oil bath at 50° C 
for 8 hours to conduct a reaction. The obtained 
reaction mixture was extracted with ethyl acetate/ 
water. The ethyl acetate phase was washed with water 
and a saturated aqueous solution of common salt, dried 
over anhydrous magnesium sulfate and concentrated. 
The residue was subjected to silica gel column 
chromatography [0 to, 5% {1% concentrated aqueous 
ammonia/methanol) /chloroform] to give 140 mg of the 
title compound (A) and 120 mg of the title compound 
(B) . 

romnoiinfl (A) 

• to-NMR 5(CDC1 3 ) : 

1.25-1.40(9H t m), 1.70OH. s). 2.1K1.2H, s). 
2.12(1.8H, s). 2,18-2. 33(2H, m) , 2.42(2H, t. 
J=8Hz). 2.90(2H, t, J=8Hz), 2 . 92-3 . 11 ( 2H , m) . 
3.17(0.4H. ddd, J=5Hz, 9Hz . 23Hz) , 3.42(0.6H, 
ddd, J=3Hz, 12Hz, 23Hz). 3 . 52-3 . 61 ( 0 . 6H . m) . 
3. 68-3. 78(0. 4H, m) , 4 . 10-4 . 30 ( 6H , m) , 
5.18-5.25(1H, m), 7.33(1H, dd. J=2Hz, 8Hz) . 
7.37-7.48(2H, m) . 7.60(1H, s).. 7 . 73-7 . 82 ( 3H , m) 
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Pnmponnri fBl 

• *H-NMR 5(CDC1 3 ) : 

1.26-1.39(6H. m). 1.71(3H, s). 2.20(3H. s). 

2.90(2H. t, J=8Hz), 2.98-3.04(2H. m) . 3.20(0.4H 

ddd, J=8Hz, 12Hz, 24Hz), 4.1-4.3(4H, m) . 

4. 37-4. 45(0. 4H. m) , 4 . 61-4 . 69 ( 0 . 6H . m) . 

5.17-5.26(1H, m). 7.33(1H. dd. J=2Hz, 8Hz) . 

7.37-7.47(2H, m) . 7.60(1H, s). 7 . 72-7 . 82 ( 3H . m) 
FvamplA 7 

TfttraPthvl 4-fN-morhvl-ff?F)^ 1 mprhvl - 9 fi-nrra- 

rii Pnvl ] rarhamnvloYvl hurvl 1 -ri 1 phngnhnnate 




A mixture comprising: 0.645 g of the tetraethyl 
4-phenoxycarbonyloxybutylidene-l , 1-diphosphonate 
prepared in the Preparative Example 3 and 0.4 ml of 
N-raethyl [ ( 2E) -3 , 7-dimethyl-2 , 6-octadienyl ] amine was 
stirred at 90° C for 2 hours and the obtained product 
was purified by silica gel column chromatography 
[chloroform/methanol/water (90 : 10 : 1)] to give 
0.180 g of the title compound. 
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• *H-NMR 6(CDC1 3 ) : 

1.33(12H. t. J=7Hz). 1.6K6H. s). 1.68(3H. s). 
1.90-2.13(8H. m). 2.32(1H. tt. J = 25Hz. 6Hz) . 
2.8K3H. s). 3.83-3.9K2H.. m) . 4.08(2H. t. 
J=7Hz). 4.13-4.22(8H. m) . 5 . 03-5 . 16 ( 2H . m) 
Fvamplp 8 

ni Pthvl 1 -grhny v ^rhnnvl -4- f N-mpThvl - f ?F) -3 , 7- 
Himpfhvl-? fi-r,^ra fi<onvT 1 ra r hamnvl OYV 1 hll tvl nhnsnh Onfl t P 

0 

II 

PC0Et) 2 
COOEt 

The title compound was prepared from the diethyl 
l-ethoxycarbonyl-4-phenoxycarbonyloxybutylphosphonate 

prepared in the Preparative Example 7 and N-methyl- 
[ (2E)-3,7-dimethyl-2.6-octadienyl]amine in a similar, 
manner to that of the Example 7. 

• *H-NMR 6(CDC1 3 ) : 

1.25-1. 37(9H. m). 1.60(3H. s). 1 . 63-1 . 8.8 ( 8H . m) . 
1.90-2.17(6H, m). 2.82(3H. br.s). 2 . 90-3 . 05 ( 1H . 
m). 3.72-3.75(2H. m) . 3 . 80-3 . 92 ( 2H . m) . 
4.03-4.26(6H. m) , 5 . 04-5 . 18 ( 2H . m) 
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FvamnlP q 

Tprr^pfhvl r.?-f4-phpnv1-n-mpthv1 i mi ri i 7o1 - 1 -vl )nrnpv1 
ami nolm prhvl phpHi phogphonatp 




A mixture comprising- 5 g of 3- (4-phenyl-5-methyl- 
imidazol-l-yl)propylamine , 4.6 ml of ethyl 
orthof ormate and 12.0 ml of diethyl phosphite was 
stirred at 150' C for 2 hours to conduct a reaction. 
The reaction mixture was subjected to vacuum 
concentration and the residue was purified by silica 
gel column chromatography [dichloromethane/methanol 
mixture with the methanol content rising from 1 to 4% 
stepwise] to give 3.5 g* of the title compound. 
* ! H-NMR 5(CDC1 3 ) : - 

1.35(12H, t. J=7Hz), 1.90(2H. quint, J=7Hz) , 

2.40(3H, s). 2.90(2H. t, J=7Hz), 3.23UH. t. 

J=22Hz), 4.04(2H, t. J=7Hz). 4 . 15-4 . 25 ( 8H . m) . 

7.25(1H, t, J=8Hz), 7.40(2H. t, J = 8Hz ) , 7 . 54 ( 1H . 

s) , 7.65(2H. d, J=8Hz) 
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pv^mplP 10 



1 1 -rii ph n*;nhnnatfi 




o 

II 

.P(OEt), 

PCOEt): 



4.4 g of the (E)-l-brorao-3-methyl-5-(2-naphthyl)- 
2-pentene prepared in the Preparative Example 11 was 
dropwise added to a mixture comprising 4.38 g of 
tetraethyl methylenediphosphonate , 0.6 g of sodium 
hydride (55% oil dispersion) and 50 ml of anhydrous 
dimethylf ormamide under cooling with ice. After the 
completion of the dropwise adding, the obtained 
mixture was stirred at room temperature for one hour 
and water was poured into the reaction mixture. The 
resulting mixture was extracted with ethyl acetate and 
the ethyl acetate phase was distilled to remove the 
solvent. The residue was purified by silica gel 
column chromatography (benzene/acetone mixture with 
the acetone content rising from 5 to 20%) to give 3 g 
of the title compound as a colorless oil. 
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• 'H-NMR 6(CDC1 3 ) : 

1.3K12H. m). 1.73(3H. s). 2.28(1H. zz . J=24Hz. 
6Hz), 2.37(2H. t. J = 7.5Hz). 2.64(2H. Ct , J=17Hz, 
6.5Hz), 2.87(2H. m) . 4.13(8H, m) . 5.37(1H, t, 
J = 6.5Hz). 7.3K1H. dd. J = 8Hz. 1.5Hz). 7.3K1H. 
dd. J=8Hz. 1.5Hz). 7.38-7.46(2H, m) . 7.60(1H. s). 
7.73-7.8K3H. m) 

Fvampl p 1 1 

Hiprhvl 9-fMP B F1-9 R m-rrlniPThvl -1 R q-nnrlpra- 
rripnvl | hpn?v1 phogphonflfp 




II 

0 

A mixture comprising 0.76 g of the 2-[(lE, 
5E) -2, 6 , 10-trimethyl-l , 5 , 9-undecatrienyl] benzyl 
bromide prepared in the Preparative Example 13 and 1.0 
ml of triethyl phosphite was heated to 140* C and 
maintained at that temperature for 30 minutes. The 
obtained reaction mixture was distilled to remove 
unreacted triethyl phosphite. The residue was 
purified by silica gel column chromatography 
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(dichloromethane/methanol) to give 0.74 g of the title 

compound. 

• ^H-NMR 6(CDC1 3 ) : 

1.22(6H. t, J=7Hz). 1.60-1.70(12H. m) . 

1.97-2.15(4H, ffl). 2.20-2. 26(4H. m) . 3.18(2H. d . 

J=20Hz), 3.92-4.08(4H. m). 5 . 07-5 . 16 ( 1H , m) . 

5.17-5.23(1H. m); 6.38(1H. s). 7 . 11-7 . 20 ( 3H . m) . 

7. 34 -7. 39 (1H, m) 
Frampl p 1 ? 

Tptraprhyl 9-fMF SF)-9 fi 1 0-fr i mpth vl -1 S 9-nnrieea- 
tn'pnvl Ihpnrvl i ripnp- 1 1 - d1 phn<;phnnflts 




n it 
■ o o 

0.3 g of the diethyl 2-[(lE, 5E)-2.6,10- 
trimethyl-1 . 5 . 9-undecatr ienyl ] benzylphosphonate 
prepared in the Example 11 was dissolved in 3 ml of 
anhydrous tetrahydrof uran, followed by the dropwise 
addition of 1 ml of a 1.6 M solution of n-butyllithium 
in.hexane at -50° C. The obtained mixture was stirred 
at -50° C for 30 minutes, followed by the addition of 
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0.11 ml of diethyl chlorophosphate . The obtained 
mixture was stirred at -50° C for 30 minutes and 
gradually brought to room temperature. After the 
completion of the reaction, the reaction mixture was 
poured into water and the obtained mixture was 
extracted with ethyl acetate. The ethyl acetate phase 
was distilled to remove the solvent and the residue 
was purified by silica gel column chromatography 
(dichloromethane/methanol mixture with the methanol 
content rising from 0.25 to 0.5%) to give 0.1 g of the 
title compound. 
• l H-NMR * (CDC1 3 ) : 

1.12(6H. t, J=7Hz). 1.27(6H. t. J»7Hz) . 1.60(3H. 
s), 1.62-1.67(6H, m), 1.69(3H. s). 2 .00-2 . 15(4H . 
m). 2.20-2.24(4H, m) . 3 . 87-4 . 24 ( 9H . m) . 5.08-5.17 
(1H. m), 5.17-5.24UH, m) . 6.25(1H. s) . 7.10-7.16 
(1H. m). 7.20-7.26(2H. m) . 7 .-82-7 . 89 ( 1H , m) 
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Tprraprhvl d - \ fvf-piprh vl -4-U-flr pfv1hpn7v1 )hpn7Yl ami no 




10.6 g of the tetraethyl 4-(N-methyl-4-[4-(l- 
hydroxyethyl ) benzyl ]benzylamino]butylidene-l , 1- 
diphosphonate prepared in the Example 1 and 106 % of 
manganese dioxide were stirred together in 300 ml of 
chloroform overnight. After the completion of the 
reaction, the reaction mixture was filtered and the 
filtrate was distilled to remove the solvent. 7.5 g 
of the title compound was obtained as a pale-yellow 
oil. 

• to-NMR 5(CDC1 3 ): 

1.33(12H. t, J=7Hz), 1.74-1.83(2H, m) , 
1.89-2.05(2H. m), 2.1S(3H f s). 2.34(1H. tt. 
J=24Hz. 7Hz), 2.37(2H, t, J=7Hz). 3.44(2H, s), 
4.0K2H, s). 4.12-4.22(8H. m) . 7.14(2H. d, 
J=8Hz), 7.18(2H. d, J=8Hz). 7.29(2H. d, J=8Hz) . 
7.79(2H, d, J=8Hz) 
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Tprragnfiiiim 4- f M-mPth vl - 4- f 4- f 1 -h vrirowerhv 1 )hffn7v] 
frpnyvl ami nolhiitvl i ripn«>-1 1 - Hiphoqnh on ate 



P(ONa), 




0.87 ml of trimethylsilyl bromide was dropwise 
added to a mixture comprising 0,5 g of the tetraethyl 
4- [ N-methyl-4- [4- ( 1-hydroxy ethyl ) benzy lamino ] - 
butylidene-1 . 1-diphosphonate prepared in the Example 
1, 0.5 ml of 2,4,6-collidine and 5 ml of anhydrous 
dichloromethane under cooling with ice in a nitrogen 
atmosphere. The obtained mixture was stirred at room 
temperature for 8 hours and then distilled to remove 
the solvent. 7 ml of methanol was added to the 
residue, followed by the addition of 1.5 ml of a 5N 
aqueous solution of sodium hydroxide. A white solid 
was formed. This solid was recovered by filtration 
and washed with methanol and ether successively to 
give 0.4 g of the title compound as a white solid. 
• *H-NMR 6(D 2 0) : 

1.29(3H, d, J = 7Hz), 1 . 51-1 . 70 ( 5H , m) , 2.0M3H. 
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s), 2.32(2H, t. J=7Hz). 3.42(3H. s), 3.85(3H, s). 
4.73(1H. q. J=7Hz). 7 . 12-7 . 22 ( 8H. m) 



mftthvl pflrhamnvlovvhiirvl 1 Hppp-1 1 -d 1 nhnSDhonfllfi 



0.12 ml of collidine and 0.28 ml of trimethyl- 
silyl bromide were added to a solution of 0.167 g of 
tetraethyl 4- [ (E) -N- ( 3 , 7-dimethylocta-2 , 6-dienyl ) -N- 
methyl]carbamoyloxybutylidene-l . l-diphosphonate in 5 
ml of dichloromethane. The 1 obtained mixture was 
stirred at room temperature overnight and then 
distilled to remove the solvent. The residue was 
dissolved in 5 ml of methanol. The obtained solution 
was stirred at room temperature for. 30 minutes and 
then distilled to remove the solvent. The residue was 
dissolved in 5 ml of methanol, followed by the 
addition of 3 ml of a solution of 60 mg of sodium 
hydroxide in methanol. The obtained mixture was 
stirred at room temperature for 30 minutes and then 




P(ONa): 

II 
0 
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distilled to remove the solvent. The residue was 
purified by HP-20 column chromatography [aceto- 
hitrile/water (1:4)] to give 0.124 g of the title 
compound . 
• l H-NMR 6 (D 2 0) : 

1.45(3H. s). 1.53(6H. s), 1 . 56 -1 . 79 ( 5H . m) . 
1.88-2.04(4H. m). 2.69(3H. s). 3 . 69-3 . 80 ( 2H , 
br.). 3.94(2H. t. J=6Hz), 4 . 96-5 . 07(2H, m) 
Fxample 16 

d-r4-r4-Mprhr>YvhPn7nv1 ) p 1 pp r i rt i no ] hntvl 1 ripnp- 1 . 1 - 
rii phnsphnn i r ar-1ri 



0 

II 



CH*0 




0.95 ml of trimethylsilyl bromide was dropwise 
added to a solution of 0.6 g of the tetraethyl 
4- [ 4- (4-methoxybenzoylpiperidino ] butyl i dene- 1 , 1- 
diphosphonate prepared in the Example 2 and 0.48 ml of 
2 ,4 , 6-collidine in 5 ml of anhydrous dichloromethane 
in a nitrogen atmosphere. The obtained mixture was 
stirred overnight and then distilled to remove the 
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solvent. 4 ml of methanol, 0.4 ml of water and 2 ml 
of diethyl ether were added to the residue to form a 
solid. This solid was recovered by filtration. 0.42 
g of the title compound was obtained. 

• to-NMR 6 (D 2 0) : 

1.66-2.08OH. m) . 2 . 97-3 . 10 (4H . m) . 3.54-3.67(3H 
o). 3.77(3H, s). 6.95(2H. d . J=8Hz) . 7.87(2H. d. 
J=8Hz) 

pvampIP T7 

niPthvi i .^rhnYv - A-rN-mprhyi-r^-hpn7vi ) h?n 7v1 ami no 1 - 

hntvl phocphnnatP 




1.8 e of the diethyl l-ethoxycarbonyl-4- 
[ N-methyl- ( 3-benzyl )benzylamino ] butylphosphonate 
prepared in the Example 3 was dissolved in 10 ml of 
ethanol. followed by the addition of 2.5 ml of 2N 
aqueous sodium hydroxide. The obtained mixture was 
stirred at 60' C for 4 hours, neutralized with 5 ml of 
IN aqueous hydrochloric acid and then extracted with 
ethyl acetate thrice. The ethyl acetate phases were 
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combined, washed with a saturated aqueous solution of 
common salt, dried over magnesium sulfate and 
subjected to vacuum concentration to give 1.1 g of the 
title compound. 
• *H-NMR & (CDCI3) : 

1.22-1.32(6H, m). 1 . 62-1 . 78 ( 2H . m). 1 . 90-2 . 08 ( 2H . 

m). 2.42(3H, s). 2.80-2.90(lH. m) , 3 . 85-3 . 95 ( 2H . 

br.s). 4.00(2H. s). 4 . 10-4 . 20 ( 2H . m) , 7.10-7.35 

(9H. m) 
Fyampl t» 1ft 

Tri QOfji 11m -\ -rarhnTV-4-f N-mpthvl - ( 3-hpnzvl ) ~ 
hpn7v1 ami nnlhnt vl phognhrtnate 

0 
II 

P(ONa),. 



COONa 




1,12 g of the diethyl l-carboxy-4- [N-methyl- ( 3- 
benzyl)benzylamino]butylphosphonate prepared in the 
Example 17 was dissolved in 20 ml of dichloromethane . 
2 ml of collidine was added to the obtained solution 
under cooling with ice, followed by the addition of 2 
ml of trimethylsilyl bromide. The obtained mixture 
was stirred overnight, followed by the addition of 10 
ml of methanol. The obtained mixture was subjected to 
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vacuum concentration, followed by the addition of 6 ml 
of 5iV aqueous sodium hydroxide. Methanol was added to 
the resulting mixture by portions to form a 
precipitate. This precipitate was recovered by 
filtration and dissolved in 2 ml of water. Methanol 
was added to the obtained solution by portions to form 
a precipitate. This precipitate was recovered by 
filtration and dried under reduced pressure to give 
560 mg of the title compound as a white powder. 
• l H-NMR 6(D 2 0) : 

1.25-1.55(2H. m). 1 . 55-1 . 67( 2H . m) . 1.98(3H. m) . 

2.23-2.40C3H. m) . 3.40(2H, s). 3.85(2H. s). 

7.02-7.22OH. m) 

Trlgnriliim 1 - ^ a rhnvv-4- T N-mPthvl -3-fnPthVl -S-f 2- 
naphthvl )-?-ppntpnvl amt nnl-^-hvrimyvhntv) phosnhnnatp 
frit^TPrflnmcrif rnlvrnrP^ 



A mixture comprising 140 mg of the diethyl 

1- ethoxycarbonyl-4-(N-methyl-3-methyl-5-(2-naphthyl)- 

2- pentenylamino)-3-hydroxybutylphosphonate prepared in 




0 
II 

P(0Na) s 



COONa 
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the Example 6. 0,14 ml of 2 . 4 , 6-trimethylpyridine . 
0.28 ml of trimethylsilyl bromide and 3 ml of 
dichloromethane was maintained at room temperature 
overnight to conduct a reaction. The reaction mixture 
was concentrated, followed by the addition of 2 ml of 
methanol to prepare a solution, which was further 
concentrated. 2 ml of 4N aqueous sodium hydroxide was 
added to the residue. The obtained mixture was heated 
under reflux for 5 hours, cooled and purified by 
column chromatography using about 10 ml of MCI gel, 
CHP20P and 10 to 30% acetonitr ile/water as the eluent. 
The obtained fraction was concentrated and 
freeze-dried to give 120 mg of the title compound. 
• l H T NMR 6(D 2 0) : 

1.76(3H. s), 2-14(1. 8H. s), 2.18(1.2H*. s), 
2.40-2.75(5H. m) . 3.00C2H, t, J=7Hz) . 3.41-3.48 
(2H. m). 3. 54-3.62(0. 6H. m) 3 . 78-3 . 87 ( 0 . 4H . m) . 
5.07-5.17(lH. m), 7 . 45 -7 . 57 ( 3H . m) . 7.74(1H. s), 
7.84-7.94(3H, m) 
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Hi gnriinnv f M-mp thvl -?-mPthv1 -5- f 2-naDh thvl ) - 2 - 
ppnfpnvl 3 mi nnTmP t hvl - ?-nvnt P t rah vri rof M ran -3- 

vinhn^nho nAfP f ri i a g r p r pomer 1 r mixture) 




A mixture comprising 120 mg of the diethyl 5-[N- 
methyl-3-methyl-5- (2-naphthyl ) -2-pentenylamino ] methyl - 
2-oxotetrahydrofuran-3-ylphosphonate prepared in the 
Example 6. 0.14 ml of 2 , 4 , 6-trimethylpyridine , 0.28 ml 
of trimethylsilyl bromide and 3 ml of dichloromethane . 
was maintained at room temperature overnight to 
conduct a reaction. The reaction mixture was 
concentrated, followed by the addition of 2 ml of 
methanol to prepare a solution, which was 
concentrated. 2 ml of IN sodium hydroxide was added 
to the residue to form a sodium salt. The resulting 
product was purified by column chromatography using 
about 10 ml of MCI gel CHP20P and 10 to 40% 
acetonitrile/water as the eluent. The obtained 
fraction was concentrated and freeze-dried to give 110 
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mg of the title compound. 
♦ ^H-NMR 5(CDC1 3 ) : 

1.70(3H. s). 1.96(1.2H, s). 2.00(1.8H. s). 

2.54(2H, t. J=7Hz). 2 . 95-3 . 10 ( 4H . m) . 

4. 28-4. 37(0. 4H. m) . 4 . 28-4 . 37( 0 . 4H . m) , 

4. 62-4. 72(0. 6H. m) . 5 . 02-5 . 17 ( 1H . m) . 

7.44-7.56(3H. m) . 7.72(1H. s). 7 . 83-7 . 93( 3H , m) 
Fxample, 21 

4- f M-Mpt hvl -4-f4-arprv1hpn7v1 )hpn?v1 ^minnlhnrvl idpnp- 
1 1 -Hiphogphoni r add 




3.1 ml of collidine and 8.5 ml of trimethylsilyl 
bromide were added to 150 ml of a solution of 5 g of 
the tetraethyl 4- [N-methyl-4- ( 4-acetylbenzyl ) benzyl - 
amino]butylidene-l , 1-diphosphonate prepared in the 
Example 13 in dichloromethane . The obtained mixture 
was stirred at room temperature for 4 days and 
distilled to remove the solvent. The residue was 
dissolved in 100 ml of methanol. The obtained 
solution was stirred at room temperature for 30 
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minutes and distilled to remove the solvent. The 
residue was dissolved in 100 ml of methanol, followed 
by the addition of 5 ml of propylene oxide. The 
obtained mixture was stirred at room temperature for 
30 minutes and distilled to remove the solvent. The 
residue was washed with ether and dichloromethane to 
give 3.2 f of the title compound. 

FvamnlP ?? 

(A) Mrinnf niva l rsvlnYvmprhvl ^ 4-f N-mPfhvl -4 - f 4 - a C " f V 1 - 

hpnyvl )hen7vlami nn-lh)iTvl iri Pn p-l 1 -ri 1 nhQg;nhonate 

(B) fn1va1f .vlnYvmi.Thv1 > 4-fN-mprhvl -4-(4-apPtVl - 
hpnrvl Ihenyvlaminnlhiirv l 1 -fl 1 flhnSPhnna t ft 

r.rvnprmnH (A) 




PCOH): 

II 
0 



rnmpnnnd fBl 




0 

II A 0 
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3 ml of diisopropylethylamine and 4 g of 
iodomethyl pivalate were added to 150 ml of a solution 
of 3.20 g of the 4- [N-methyl-4- ( 4-acetylbenzy 1 ) benzyi- 
araino]butylidene-l , 1-diphosphonic acid prepared in the 
Example 21 in dimethylf ormamide . The obtained mixture 
was stirred at 60° C for 2 days and then distilled to 
remove the solvent. The residue was purified by C 18 
reversed phase silica gel column chromatography (20 to 
405s acetonitrile/water ) to give 0.20 g of the title 
compound (A) and 0.37 g of the title compound (B) . 
Compound ( A ) 

♦ *H-NMR 6(D 2 0 ) : 

0.99OH, s), 1.58-2. 03(5H, m) . 2.42(3H. s). 
2.63(3H. s). 2.85-2. 94(1H. m) , 2 . 97-3 . 08 ( 1H . m) . 
3.90(2H, s). 4.06(1H. br.d, J=14Hz) , 4.18QH. ra) . 
5.34(2H, dd. J=4Hz, 14Hz). 6 . 98-7 . 28 ( 6H . m) . 
7.7K2H, d. J=9Hz) 
Compound fFO 

• *H-NMR 5(CDC1 3 ) : 

1.09(18H. s), 1.71-1.9K2H. m) . 2 . 00-2 . 26 ( 3H . m ) . 
2.57(3H. s). 2.67(3H, br.s), 2 . 88-3 . 02 ( 2H f br). 
3.98(2H, s), 4.23(2H, br.s). 5 . 43-5 . 62 ( 4H , m) , 
7.18(2H. d. J=8Hz). 7.24(2H. d, J=9Hz). 7.43(2H. 
br.d, J=8Hz), 7.87(2H. d, J=9Hz) 
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The compounds of Examples 23 to 199 listed in 
Tables 1 to 61 were prepared by preparing diphosphonic 
acid ester derivatives in a similar manner to that of 
the Example 1 and deprotectins the ester derivatives 
in a similar manner to that of the Example 14. 
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ca 



'H-NMR S (D,0) 


1.40-1. 70(511. m). 2. 10(311. s) 
2.25-2. 35(211. m). 3.65(211. s) 
6.91(111. d. J = 3. Gllz) 
7.23(111. d. J = 3. Gllz) 
7.29(111. dd.J=5.2llz.8llz) 
7.88(111. d. J = 8llz) 
8.24(111. d. J=5. 2llz) 
8.61(111. s) 


1. 68(311. d. J = 7llz). 1. 88-2. 05(511. m) 

2. 45(311. s). 2.70(211. t. J=7llz) 
4.03(211. s). 5. 15(111. q. J=7llz) 
7.27(111. d. J = 4llz) 

7.55(111. d. JMIIz) 
7.65(211. d. J = 8llz) 
7.92(211. d. J = 7llz) 


1.40-1. 70(511. m). 2. 10(311. s) 
2.28-2. 38(211. m). 3. 66(211. s) 
7.23(111. s). 7.26-7.35(111. m) 
7.53(111. s). 7.86-7.94(111. m) 
8.25-8. 29(111. ni). 8. 60(111. s) 
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The compounds of Examples 200 to 204. listed in 
Tables 62 and 63 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 4 and ^protecting the 
ester derivatives in a similar manner to that of the 
Example 14. 
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The compounds of Examples 205 to 209 listed in 
Tables 64 and 65 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 5 and deprotec ting* the 
ester derivatives in a similar manner to that of the 
Example 14. 
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The compounds of Examples 210 and 211 listed in 
Table 66 were prepared by preparing diphosphonic acid 
ester derivatives in a similar manner to that of the 
Example 9 and deprotecting the ester derivatives in a 
similar manner to that of the Example 14-. 
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The compounds of Examples 212 to 229 listed in 
Tables 67 to 72 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 10 and deprotecting the 
ester derivatives in a similar manner to that of the 
Example 14. 
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Fv^pl^ 930 to 235 

The compounds of Examples 230 to 235 listed in . 
Tables 73 and 74 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to those of the Examples 11 and 12 and 
deprotecting- the ester derivatives in a similar manner 
to that of the Example 14. 
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FYamplgq ?3fi ro 2 5 0 

The compounds of Examples 236 to 250 listed in 
Tables 75 to 80 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 13 and deprotecting the 
ester derivatives in a similar manner to that of the 
Example 14. 
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The compounds of Examples 251 to 265 listed in 
Tables 81 to 85 were prepared by preparing: 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 7 and depro tect in£ the 
ester derivatives in a similar manners to that of the 
Example 15. 



- 212 - 



WO 94/20508 




PCT/JP94/003S4 



2 
Z 



CO CO . 

co en — 



CM UO 
CM CO O 



P*- =S CO 

II CM tl 



- CO . 

— to- 



co ) CM 
v—/ ( w 

r*- co © 

00^*0 
O — • CM 



— = CO 

cm m n 

V— * *W —J 

CO £ oo - 
r— . co — 

o o — = 

f^. — CO CM 



s a r = 

CM II CM — (l 
w <— j w w 

cm . r- . 
co — * »/3 vn — 

d i = — • CM z= 

? 3 M S 

P*. CO ^ © CM 
ITS P* ^ Lf5 O 

O O — CM ^3 



co ao 



ID CM — 
www 

/-\r* in co 

WMT) o 
s£ — CO ITS 

s / . . 

CM P*« /-"n 

mm £ n n 

— - = o S 

ii tt 

/s r-\ CM 
M w O - - 

CO CO ^ CM — 



CO CO ) 
WW ( 



co cm ao 
m co en o 



- - - CO LO 



3 



CO 
CJ 



4J 
CO 





in 

CM 



CM 

in 

CM 



CO 
UO 
CM 



213 




214 



WO 94/20508 



PCT/JP94/00354 




WO 94/20508 




PCT/JP94/00354 




216 



WO 94/205081 



PCT/JP94/00354 



Z 

i 



J2 

CO 



cd 
o 



^ CM CM 
— j w w 
. r» uo 

— » CO CM 

— © O 
LOOM 

/■— \ /~\ 



-i — » S M S 



c e ii ii n 



3 3 O .00 
O- CP 00 — — 



CO — OO OO o 

era irs u? o — 



— CM ! 




CO 
CO 
CM 



0 f— CO 
CO OO CO 

CM CO f— 

1 I I 

co r- — 
r*- r*» co 



= £ £ S 

CM CM — 

W N^/ V--' 

W f** o o 
r- co cm co 

— co r-- co 

MM 

C— ^ — 
T CM — CM 

— co r-* cd 




CO 
CM 



CM 

0O v 

cm ~ 

/ c 

OTA 

O CO V) 

CM CO =Z 



WW . 
CO CO ^-s 
CO OS e/1 

773 

UO CO CM 
LO CO O 

— CO 




m 
co 

CM 



217 



WO 94/20508 




PCT/JP94/00354 



Pvamplpc: ?nfi ro ?74 

The compounds of Examples 266 to 274 listed in 
Tables 86 to 88 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of tie Example 1 and deprotecting the 
ester derivatives in a similar manner to that of the 
Example 16. 
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The compounds of Examples 275 to 280 listed in 
Tables 89 and 90 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of tie Example 2 and deprotecting the 
ester derivatives in a similar manner to that of the 
Example 16. 
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The compound of Example 281 listed in Table 91 
was .prepared by preparing a diphosphonic acid ester 
derivative in a. similar manner to that of the Example 
9 and deprotecting the ester derivative in a similar 
manner to that of the Example 16. 
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The compounds of Examples 282 to 288 listed in 
Tables 92 to 94 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 3 and deprotecting: the 
ester derivatives in a similar manner to those of 
Examples 17 and 18. 
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The compounds of Examples 289 and 290 listed in 
Table 95 were prepared by preparing diphosphonic acid 
ester derivatives in a similar manner to that of the 
Example 8 and deprotecting the ester derivatives, in a 
similar manner to those of the Examples 17 and 18. 
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The compounds of Examples 291 to 293 listed in 
Table 96 were prepared by preparing triethyl 
1-carboxyphosphonate from l-bromo-3-methyl-5- ( 2- 
naphthyl) -2-pentene and triethyl phosphonoacetate in a 
similar manner to that of the Example 10 and 
deprotecting" the ester in a similar manner to those of 
Examples 17 and 18. 
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Fxample °94 

The compound of Example 294 listed in Table 97 
was prepared by preparing a phosphonic acid ester . 
derivative in a similar manner to that of the Example 
6 and deprotectins the ester derivative in a similar 
manner to that of the Example 19. 
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The. diphosphonic acid ester derivatives listed in 
Tables 98 and 99 were prepared from phosphonic acid 
ester derivatives in a similar manner to those of the 
•Examples 21 and 22. 
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rrarppi^ 301 to 367 

The compounds of Examples 301 to 367 listed in 
Tables 100 to 122 were prepared by preparing" 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 1 and deprotecting- the 
ester derivatives in a similar manner to that of the 
Example 14. 
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The compound of Example 368 listed in Table 123 
was prepared by preparing a diphosphonic acid ester 
derivative in a similar manner to that of the Example 
5 and deprotecting the ester derivative in a similar 
manner to that of the Example 14. 
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The compounds of Examples 369 to 374 listed in 
Tables 124 and 125 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 10 and deprotecting" the 
ester derivatives in a similar manner to that of the 
Example 14. 
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Fvamnlp .17.^ 

The compound of Example 375 listed in Table 126 
was prepared by preparing: a diphosphonic acid ester 
derivative in a similar manner to those of the 
Examples 11 and 12 and depro'tecting 1 the ester 
derivative in a similar manner to that of the Example 
14. 
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Fvampl o c; ,?7R to 

The compounds of Examples 376 to 384 listed in 
Tables 127 to 129 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 13 and deprotec t ing the 
ester derivatives in a similar manner to that of the 
Example 14. 
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Pv^mplpc; 3fl5 to 4?5 

The compounds of Examples 385 to 425 listed in 
Tables 130 to 143 were prepared by preparing* 
diphosphonic acid ester derivatives in a similar 
manner to that of tie Example 1 and deprotec tins the 
ester derivatives in a similar manner to that of the 
Example 16. 



- 275 - 




276 



WO 94/20508 



PCT/JP94/003S4 



-3 

CQ 



2 
Z 



0? 
O 



a 



(S! 

JO V) 

CO CO 
w w 
— 

ctj r— /<^-s /— v 

. N N N 
CM CO — — 



^-N «sl PsI ts) 

S E — — — 

. = ZS II II 'I 

un cm -"-5 — 5 — ' 
WW . , . 
— *o — "0 
co -o -o 

/-> / / WWW 

oar ^f-O 
« CO CM C— CO O 



w — CO CO CO c— 




CO CO 

> II II 



CO CM 

w w w w 
^ o o ^ 
co co co 

«<— v y-\ ^-s 

a s ** ** 
=' = » « 

Lf> CM II II 

w w — » — 1 

CO o 

co o — -a 

^ I I WW 
£3 . . . . 

w — cm c— r- 



o sssa. 





C5 
00 
CO 



CO 
CO 



£ jO JO -O £ £ 

lH CM CM CM CM CM 

w w w w w w 
cm cm -rr co ir> r~ 
oo-vmotrcj 

— CO CO* ^ T C- 

~ M M M 

□ -V LT O CM LO O 
•* IT5 CO Lrt C5 CO C3 

o 

w — co co co ^ r- 




o _ 

_ CM 

CO w 



277 



WO 94/20508 




PCT/JP94/003S4 




278 



WO 94/20508 




PCT/JP94/003S4 




WO 94/20508 




PCT/JP94/003S4 




280 



WO 94/20508 




PCT/JP94/00354 




281 



WO 94/20508 



PCT/JP94/00354 




282 



WO 94/20508 




PCT/JP94/00354 



2 



0) 

u 

2 
O 



CO 

u 



C_5 



CO 



u. CO — 
f*- ^ CO CO 



— rr co co 

CM 



= CM O CO CO 

in ii ii ii 



CO /~\ . . . 
LT3 C/5 "3 — — 



• - ) co CM — • — 

^ < v»/ v_/ \_/ 

« co oo id irt 

o 

w — — CM IT5 t— 



W E W N 

CO CN S t) 
w w v«/ — ^ 
CM OO CM . 
p*. © CD — 

— - CM CO* ZZ 

. I .3 

/-slN /-s M 

£ o n in 
= oi co iri 

U"3 II 



- * ) CO CM CO CM 
y-\ ■( W ^ W W 

O CO CO CM O 
» CM CO ITS CD — 



W — — CM CO CD 



















S 






OJ 


rJ 


tsi 
























OS 


CO 


CO 










11 


II 


II 












— ^ 




















CO — 








— * 


■a 




r= co 




























2 / 










\— ^ 










CO 






r- o 






o 


CO 


m 
















OO 


CM CO 






CO 


CO 


r— 
















psj 
























/— N 


✓~\ 




M S 






CM 


M 


r-4 


CM 




cH 


C9 








II 


CO 


ii 


tl 


CO 


CO 


CO 








—3 


It 


tl 


tl 




— n v— > 














. m 














— o 








TO 






CM i 






CM 






<S 


w ( 


w 


✓ 








O 


CO CD 


cn 


C5 


O 




LO 



nOOOCPI^CO - c*- — 

ca 

v-^— MCMOJCOWVCON 




CO 

o 



CM 
CO 



o = a. zz 




1 U-3 

O S 





CO 

o 



o 

CO 
U"5 



283 



WO 94/20508 




PCT/JP94/00354 




284 



WO 94/20508 




PCT/JP94/00354 



_ OS 

co 



01 





/—\ 














= 






^z. 










CO 


— CO 




C3 




H 


— II 




It 


























CM (rt W"3 


CO — 


*o 




~ — — 


CM • — — - 


= CO* 






CO CO CM 


» CO CO CM 


s ? 


CM 




v-/ \S 


( w w 








r- o 


cm r— 0O CM 


O If) CM 




CO co — "• 






n r- 




cm" cm r-' 


cm cm co r- 


cm co c"^ 


(>" CO 


Z 






. . w 














I 


S S S 


s e s _n 


£ E UO ^ N N 
















co cm ? 


CO — A 


m r* en 




CM ^ II 






— S It II 




✓ w w-a 


w w w — J 




. —J — s 




CO f- © . 


00 CO o . 


r— — -a 


■a . . 




03 in — -3 




O O "3 






— CM CO =" 


— cm co =r 


CM CO = 






; * 1 CM 


; i . CM 




— H ?3 




y-s ( ( ( ^ 


/—s(( < W 


^ M 3 


v-/ \_> 




O CO O CO CO 


a fi o f* f» 


O O CM U0 


CM — CM 




n CO U0 00 — 


M co CO 00 CO 


•« CO CT5 r— 


CO CO CM 




O . . . . 


A . . . . 








W — * CM CM C- 


w — . CM cm r— 


W — i CM CO CO tfJ t— 






Lr> » 










w 


M 


























•* o 


t* O 


o 


M 












u 


=: cl- = o 


= c_ = o 


a =£_ 












o 




5 _/ 


s _/ 






CJ 


o = o_ — ( 






— a_ = o 


3 










L. 












1 


.1 


r 




co 




















CO 










o 


— 2: 






S 


\ 


\ 






o> 


/ 


/ 






-£= 


/ 










\ 


/ 
















OO 


CO 








\ 


o N 














o 




W OO 






CM 


CM 






~- r- 


~~" r- 




X 








cu 






T 





285 



WO 94/20508 



PCT/JP94/00354 



Z 



CM CM CM CM 



r— r*- m en 

Lrt CT — 



CM CM 



c 03 S N 



CM = 00 

CM It 



cm' co" =: 

) CO ) CM 
< W < w 
o w CT T 
co a cn — 

^ — ' CM CM t*-' 



CM II 



cm =r co — * 

) CO ) CM 
{ w ( w 
CM P— O CO 
CO CO o — 

— cm co r*' 



N N £ N N 



r-» CO ~ C— CO 

il II CM II ii 



• ♦ CO CM ^ — CM 
w w ( ww 

3 o r*- oo co — 

« CO CO CO p— CM 



W — CM CM r*- 



= CO 

CM II 

W — 1 

s « — -a 

CO T CM 
w w ( w 

— — 

O N CO O CO 

— LT3 CM CO f- 

f ** . . . 
CM ™ /— \ s \ 
CO CM (M S CM 

. CM = . = 

— it r*- oo 

— J II CM il 
- . w—s 

^ — .CO 
C/5 — — C3 -a 

• CO — CM ^ CM 
. 'W 'W w ( w 
O O Lf5 CO 00 LT5 

^ com co - 



w cm cm 




286 




287 



WO 94/20508 




PCT/JP94/003S4 



CO 



' H - N M R 


£ S C*J N t4 

^ So « 

CD \ /—n — > H M H 
w . w — > — » — J 

co l« l» r— . • • 
cm -o .o uo cr-o -3 

^ CM CM i — CM CM 
( w W ( WWW 

r- /-n oo co r* ^ oo co 

CO P»» CD — ^3" CO — CO 

_ — CM^r^^f-P- • 

CM i 1 
» • i v 
/-s n ^* CO /— n /-\ » '—v 
N — OO O e S 

r*^ ii cm eo ;r = oo co 

(I — » CM — It u 
—1 . . . WW — 5 —J 
. — * s — O • 

^ — • ert t/» ^* r— ^ ^ 

*•••*** * * * 
"""^ CO — CO CM ) ) CM CM 

WW W W ( (WW 

cjirsaof-cocooCMco 

O-CWinCTCNCO — CM . 

to 


6(CDC1,): 

1. 76-2. 25(611. m). 2. 45-2. 68(111. n) 

2. 52(311. s). 2. 56(311. s) 
2.82-2.94(211. br.). 3.97(211. s) 
4.02-4. 14(211. br. ) 

4. 21-4. 33(211. ni). 4. 44- 4. 54( III. ni) 
4. 64-4. 74(111. ni). 7. 15(211. d. J = 8llz) 
7. 24(211. d. J = 8llz). 7. 38(211. d. J=8llz) 
7. 86(211. d. J = 8llz) 




r i 

o o •* 


o o •» 






X / ^ 




o = a. = 


o =£_ r= 






\ ° 




\ s 


\ ^ 




V— a- = o 










<J 












L. 












CO 


< 








2 — 


CQ 






CJ 






"a 






a* 






-e 




\_} 












o=a/ 


Ex. No. 




4 2 5 
(553) 



289 



WO 94/20508 M M PCT/JP94/003S4 



The compounds of Examples 426 to 439 listed in 
Tables 144 to 148 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of tie Example 2 and deprotecting- the 
ester, derivatives in a similar manner to that of the. 
Example 16. 
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The compound of Example 440 listed in Table 149 
was prepared by preparing a diphosphonic acid ester 
derivative in a similar manner to that of the Example 
3 and deprotecting- the ester derivative- in a similar 
manner to those of Examples 17 and 18. 
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Fvamnl* dil 

The compound of Example 441 listed in Table 150 
was prepared by preparing" triethyl 1-carboxy- 
phosphonate from l-bromo-3-raethyl-5- ( 2-naphthyl ) - 
2-pentene and triethyl phosphonoacetate in a similar 
manner to that of the Example 10 and deprotecting- the 
ester in a similar manner to those of Examples 17 and 
18. 
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The diphosphonic- acid ester derivatives listed in 
Tables 151 to 171 were prepared from phosphonic acid 
ester derivatives in a similar manner to those of the 
Examples 21 and 22. 
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TeirPPfhvl 5-/4-f 4-f limrn h pnrnvl ^InpririinoUfF)-.?- 



2.4 g of the tetraethyl 5-acetoxy- (E) -3- 
pentenylidene-l.l-diphosphonate prepared in the 
Preparative Example 14 was dissolved in 40 ml of 
tetrahydrofuran. followed by the addition of 1.45 g of 
4-(4-fluorobenzoyl)piperidine hydrochloride. 8.4 ml of 
triethylamine and 280 nig of tetrakis ( triphenyl- 
phosphine) palladium. The obtained mixture was heated 
at 50 9 C for 8 hours under a nitrogen flow while 
stirring. The reaction solution was distilled to 
remove the solvent. The residue was purified by 
silica gel column chromatography [cone, aqueous 
amraonia/methanol/dichloromethane (1/10/50 to 1/10/25)] 
to thereby give 2.1 g of the title compound. 
• *H-NMR 5(CDC1 3 ) : 

1.35U2H. t. J=7HZ). 2.82-2.88(4H. m) , 



F 




P(OEt) 
II 
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2.02-2.10(2H. m), 2.38(1H. tt. J=23Hz. 7Hz). 
2.-61-2. 75(2H, m) . 2 . 96 -3 . 03 ( 4H . m) , 3 . 13-3 . 22 ( 1H . 
m), 4.14-4.23(GH, m) . 5.6K1H. dt , J=15Hz. 7Hz). 
5.79UH, dt t J=15Hz. 7Hz), 7.12(2H. t, J=9Hz). 
7.96(2H, dd. J=9Hz. 6Hz) 

Tptra»rhvl a-rs-r ?- f 2-mprhnvvphPnvi )Pthvi i-i- 



0 




' AcOH 



A mixture comprising- 1.6 g of the tetraethyl 4- 
methylamino-1 , 1-butanediphosphonate prepared in the 
Preparative Example 1, 1.2 g. of the 1 , l-dimethyl-3- [ 2- 
(2-methoxyphenyl)ethyl]formamidine prepared in the 
Preparative Example 15, a catalytic amount of ammonium 
sulfate and 2 ml of toluene was heated in an oil bath 
at 120*C for 5 hours. After cooling, the resultant 
reaction solution was subjected to silica gel column 
chromatography and then elution with 0 to 30 % (15 % 
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acetic acid/me thanol ) /chloroform was effected. 950 mg 
of the title compound was obtained. 
• l H-NMR 6(CDC1 3 ) : 

1.31-1.38(12H. m). 1 . 75-1 . 88 (4H . m). 2.04(3H. s). 

2.94(2H. s, J=7Hz). 3.14(3H. s) t 3.20(2H. t. 

J=7Hz). 3.59(2H. t, J=7Hz), 3.83(3H. s). 

4.12-4.23(8H, m) . 6 . 82-6 . 92 ( 2H , m ) , 7.05UH. s). 

7.15(1H. d. J=8Hz). 7.22(1H. t. J=8Hz) 

Tetrgothvl M-fd-f^-fluornnhPnyl ) - ^^rhvl 
buTffnvl Ir^rhamnvl mprh^npdiphn gphonarp 

(a) 4 - f 4-f 1 ijnronhpnvl )-4-mprhv1 -. Vhnrpnvl i gorvanarp 




NCO 



F 



A mixture comprising 1.4 e of 5- (4-f luorophenyl ) - 
5-raethyl-4-pentenoic acid, 1 ml of thionyl chloride 
and 30 ml of benzene was heated in an oil bath at 80 "C 
for 2 hours and then concentrated to give a carboxylic 
acid chloride. The whole amount of this carboxylic 
acid chloride was dissolved in 15 ml of acetone and 
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the resultant solution was dropwise added to 30 ml of 
an aqueous solution of 1 g of sodium azide while 
cooling with ice. After reacting at that temperature 
for 2 hours, the reaction mixture was extracted with 
benzene. The benzene phase was washed twice with 
water and once with a saturated aqueous solution of 
common salt, followed by drying over anhydrous 
magnesium sulfate. The magnesium sulfate was removed 
by filtration. 

The benzene solution as the filtrate was 
partially concentrated under a reduced pressure to 
remove water and then heated under reflux for 2 hours. 
The reaction solution was concentrated to give a crude 
product of 4-(4-fluorophenyl)-4-methyl-3-butenyl- 
isocyanate . 

This isocyanate was used for the next step as it 
was without further purification. ■ 
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(b) Tprvr^rhvl x- f 4- ( d-f 1 noronhPn vl ) -d-mprhvl 
hurpnvl 1 carbamoyl mprhanpriiphngnhnnatP 



2.5 g of tetraethyl methanediphosphonate was 
dropwise added to a mixture comprising 300 mg of 
sodium hydride and 30 ml of N , N-dimethylf ormaraide 
while stirring. the obtained mixture was stirred for 
2 hours to give a clear reaction solution. The whole 
amount of the isocyanate prepared in the step (a) was 
added thereto and then the reaction was carried out at 
room temperature for 2 hours. The- reaction solution 
was extracted with ethyl acetate-diluted hydrochloric 
acid system. The organic phase was subjected to 
silica gel column chromatography and then elution with 
0 to 5 % methanol/chloroform was effected. 1.07 g of 
the title compound was obtained. 
• *H-NMR 6(CDC1 3 ) : 

1.28(6H, t, J=7Hz). 1.34(6H. t, J=7Hz), 2.03(3H. 




s), 2.45(2H, q, J=7Hz), 3.42(2H, q, J*7Hz), 
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3.57(1H, t, J=23Hz), 4 . 10-4 . 27 ( 8H , m) . 5.70(1H. 
t, J=7Hz). 6.98(2H. t. J=9Hz). 7.06(1H. t. 
J=7Hz), 7.34(2H. dd . J=9Hz, 5Hz) 
FvamnlP SOR 

TptraPThvl 4- f M-mpthvl ( 5-hro mnhPn7f>f nran-2-vl ) -?- 
hvriroYVPrhvl Ami nolhntvl irlpnp-1 . 1 - ri 1 nhosphona t e 




A mixture comprising 1 g of the tetraethyl 4- 
merhylamino-1 , 1-butanediphosphonate prepared in 
Preparative Example 1, 2 g of the 5-bromo~2- ( 1 . 2- 
epoxyethyl ) benzof uran synthesized, according to the 
process described in J. Heterocyclic Chem. , 2JL, p. 1395 
(1991), 10 ml of benzene and 10 ml of methanol. was 
heated under reflux for 5 hours. The reaction mixture 
was distilled to remove the solvent. The residue was 
purified by silica gel column chromatography (2 to 5 % 
methanol/dichloromethane) to thereby give 0.2 g of the 
title compound. 
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♦ l H-NMR 6(CDC1 3 ) : 

1.35(12H. t. J=7Hz), 1.83(2H. quin. J=8Hz). 

1.92-2.08(2H. m). 2.32(3H. s), 2.48(1H, tt. 

J=7Hz, 24HZ). 2.44-2. 5K1H. m) , 2 . 54-2 . 62 ( 1H . m) . 

2.68(1H. dd. J=»3Hz, 12Hz) . 2.86(1H. dd , J=10Hz. 

12Hz). 4.13-4.23(8H. m) . 4.83(1H. dd . J=3Hz. 

10Hz), 6.64(1H, s). 7.3K1H. d, J = 8Hz), 7.34(1H. 

d. J=8Hz). 7.66(1H, s) 
Fvainplpc: 509 to =i1? 

The compounds of Examples 509 to 512 listed in 
Tables 172 and 173 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 505 and deprotecting: the 
ester derivatives in a similar manner to that of the 
Example 14. 
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FvamplPc; =H3 and 514 

The compounds of Examples 513 and 514 listed in 
Table 174 were prepared by preparing diphosphonic acid 
ester derivatives in a similar manner to that of the 
Example 508 and deprotecting" the ester derivatives in 
a similar manner to that of the Example 14. 
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FY^mpI nl r> and r> 1 fi 

The compounds of Examples 515 and 516 listed in 
Table 175 were prepared by preparing diphosphonic acid 
ester derivatives in a similar manner to that of the 
Example 5 and deprotecting 1 the ester derivatives in a 
similar manner to that of the Example 16. 
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The compounds of Examples 517 to 525 listed in 
Tables 176 to 178 were prepared by preparing 
diphosphonic acid ester derivatives in a similar 
manner to that of the Example 10 and deprotecting the 
ester derivatives in a similar manner to that of the 
Example 16. 
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The compounds of Examples 526 to 528 listed in 
Table 179 were prepared by preparing diphosphonic acid 
ester derivatives in a similar manner to that of the 
Example 13 and deprotecting the ester derivatives in a 
similar manner to that of the Example 16. 
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Fvamnlpc; to S31 

The compounds of Examples 529. to 531 listed in 
Table 180 were prepared by preparing diphosphonic acid 
ester derivatives in a similar manner to that of the 
Example 506 and deprotecting the ester derivatives in 
a similar manner to that of the Example 16. 
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The compound of Examples 532 listed in Table 181 
was prepared by preparing a diphosphonic acid ester 
derivative in a similar manner to that of the Example 
507 and deprotectins the ester derivative in a similar 
manner to that of the Example 16. 
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Hf tronhthsl 37lnP and 1 -C-hlnro-4 -f 3 4-mprhvlPnP- 
df OVVhpnyvl Umino.7.n<rr onhrha1a7i no 
(a) 1 . 4-n^rh1nro-R-n1 rrnnhrhal a-ri np 



10 g of 2.3-dihydro-6-nitro-l.4-phthalazinedione 
was suspended in 50 ml of phosphorus oxychloride. 
followed by the addition of 10 ml of diisopropylethyl- 
amine thereto. The resultant mixture was heated under 
reflux for four hours. The reaction mixture was 
distilled under reduced pressure to remove excess 
phosphorus oxychloride. Ethyl acetate was added to 
the residue thus obtained to give a solution. The 
obtained solution was washed with water and a 
saturated aqueous solution of common salt 
successively, dried over magnesium sulfate and 
subjected to vacuum concentration to remove the 
solvent. Thus, the title compound was obtained in a 
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crude form, which was used in the subsequent step 
without further purification. 
• *H-NMR 6(CDC1 3 ) : 

8.56(1H. dd. J=9.0. 0.5Hz). 8.83(1H. dd. J-9.0. 

2.0Hz), 9.20(1H, dd. J-2.0. 0.5Hz) 
(b) 1 -Chi oro-4- ( 3 4-mpthvl Pnadi nYv h^nrvl )gmino-fi. 
mTrnnhrha-1ff7inp and 1 -Hh 1 orn ^- ( 3 . 4-mprhvl pnp- 
diorvhpnrvl la mi no-7-m' r rnnh rh* 1 * 7 i n p 




- 346 - 



WO 94/2050; 




PCT/JP94/00354 



ethanol. followed by the addition thereto of 2.17 g of 
piperonylamine and 3 ml of triethylamine . The 
resultant mixture was heated under reflux for 12 
hours. The reaction mixture was distilled under 
reduced pressure to remove the solvent. Water was 
added to the residue thus obtained to give a solution. 
The obtained aqueous solution was extracted with 
methylene chloride. The organic phase was dried over 
magnesium sulfate and then subjected to vacuum 
concentration to remove the solvent. The residue was 
purified by silica gel column chromatography 
[n-hexane/ethyl acetate (2 : 1 to' 1 : 1)]. Thus, 
1.8 g of l-chloro-4-(3,4-methylenedioxybenzyl)amino-6- 
nitrophthalazine was obtained from less polar 
fractions as a yellow solid and 1.2 g of l-chloro-4- 
( 3 , 4-methylene-dioxybenzyl ) amino-7-ni trophthalazine 
was obtained from more polar fractions as a yellow 
solid. 

l-Chloro-4- (3 , 4-me thy lenedioxybenzy 1 ) amino- 6 -ni tro- 
phthalazine 

* Elementary analysis 

C (%) H (%) N {%) 

cal. 53.57 3.09 15.62 

found 53.60 3.11 15.60 

• Mass (M/Z) : 359 (MH + ) 
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• m.p.: from 186.5 to 188° C 

• ^-NMR 5(CDC1 3 ) : 

4.80(2H. d. J=5.0Hz). S.73(1H. t. J=5.0Hz). 
5.95(2H. s). S.78(1H, d. J=8.0Hz). 6.92(1H. dd. 
J=8.0. 2.0Hz), 6.94(1H. d. J=2.0Hz). 8.37(1H. d. 
J=9.0Hz). 8.64(1H. dd. J=9.0. 2.0Hz). 8.73(1H. d. 
J=2.0Hz) 

l-Chloro-4- ( 3.4 -methy lene-dioxybenzy 1 ) amino- 7-nitro- 
phthalazine 

• Elementary analysis 

C (*) H (%) N (%) 

cal. 53.57 3.09 15.62 

found 53.70 3.15 15.54 

• Mass (M/Z) : 359 (MH + ) 

• m.p.: from 240 to 242* C (decomp.) 

• ! H-NMR 6(CDC1 3 ) : 

4.78(2H. d. J-5.0HZ). 5.52(1H. t, J=5.0Hz), 
5.96(2H. s). 6.78(1H. d. J=8.0Hz). 6.9K1H. dd . 
J=8.0. 1.5Hz). 6.93(1H. d. J=1.5Hz). 7.98(1H. d . 
J=9.0Hz). 8.59(1H. dd. J=9.0. 2.0Hz). 9.05(1H. d, 
J=2.0HZ) 
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CLAIMS 

1. A phosphonic acid derivative represented by the 
following general formula (I) or a pharmacologically 
acceptable salt thereof: 

R B 0 

a 1 1 7 
R A -C-P-0R 2 (I) 

R 1 OR 3 

wherein R 1 represents a hydrogen atom, a hydroxyl 
group, an acyloxyalkyl group, an alkyloxycarbonyl 
group, a lower alkyl group which may have a 
substituent or a lower alkoxy group which may have a 
substituent; 

R 2 and R 3 may be the same or different from each 
other and each represents a hydrogen atom, a lower 
alkyl group which may have a substituent. an alkali 
metal or a prodrug ester forming 'group; 

R A represents a group represented by the formula: 

-C-OR 4 (wherein R 4 represents a hydrogen atom, a lower 
9 

0 

alkyl group, an alkali metal or an acyloxyalkyl group 
which may have a substituent), a group represented by 
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/ 

the formula: N-N (wherein R 4 ' represents a 

hydrogen atom, a lower alkyl group or an alkali metal) 

0 
3 

or a group represented by the formula: -P-0R J [wherein 

i« 

R* represents a hydrogen atom, a lower alkyl group , an 
alkali metal or a prodrug ester forming group; and R 5 
represents a lower alkyl group or a group represented 
by the formula: -OR 7 (wherein R 7 represents a hydrogen 
atom, a lower alkyl group, an alkali metal or a 
prodrug ester forming group)]; and 

0 

R represents a group represented by the formula; 
S-T- [wherein S represents an alkenyl group which may 
have a substituent or a group represented by the 



formula; 




(wherein ring A 



R 12 



represents an aromatic ring; R 8 . R 9 . R 10 , R 11 and R n may 
be the same or different from one another and each 
represents 
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(1) a hydrogen atom. 

(2) an alkyl group which may have a substituent. 

(3) an alkenyl group which may have a substituent. 

(4) a lower alkoxy group which may have a 
substituent . 

(5) a carbamoyl group which may have a substituent. 

(6) a carbamoyloxy group which may have a 
substituent , 

(7) a hydroxyl group , 

(8) an acyl group, 

(9) a halogen atom, 

(10) a group represented by the following formula: 

— <0) p — (CH:)^— N<( (wherein R 13 and R 14 may be 

R l ^ 

the same or different from each other and each 
represents a lower alkyl group which may have a 
substituent, or alternatively R 13 and R 14 may form, 
together with the nitrogen atom to which they are 
bonded, a ring which may further contain an oxygen 
atom, a sulfur atom or a nitrogen atom and which may 
have one or two, mono- or divalent substituent ( s ) ; p 
is 0 or 1; and q is an integer of 0 to 4) or 

(11) a group . represented by the formula: 
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may be the same or different from one another and each 

represents a hydrogen atom, a hydroxyl group, a lower 

alkyl group or a lower alkoxy group which may have a 

substituent; ring B represents an aromatic ring; and Y 

represents an alkylene chain which may have a 

substituent, an alkenylidene chain which may have a 

substituent, an alkynylidene chain which may have a 

0 
J 

substituent, a group represented by the formula: -C-. 
a group represented by the formula: -0- , or a single 
bond) , or alternatively two adjacent groups of R a , R 9 . 
R 10 , R 11 and R 12 may together form a ring; and X 
represents a single bond, an alkylene chain which may 
have a substituent, an alkenylidene chain which may 
have a substituent or a group represented by the 
formula: - (CH- 2 ) U -Z- (CH 2 ) V - (wherein Z is a group 

represented by the formula: -S- (wherein r is an 
integer of 0 to 2), a group represented by the 
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0 
I 

formula: -C-. a 'group represented by the formula: -0- . 

R 20 

a group represented by the formula: -S0 2 N- (wherein R 20 
represents a hydrogen atom, a lower alkyl group which 
may have a substituent or a lower alkenyl group which 
may have a substituent). a group represented by the 
R 21 

1 2. 

formula: -N- (wherein R Z1 represents a hydrogen atom, a 
lower alkyl group which may have a substituent. a 
lower alkenyl group which may have a substituent or a 



group represented by the formula: 




a group represented by the formula: -N — C- (wherein R 
represents a hydrogen atom, a lower alkyl group which 
may have a substituent or a lower alkenyl group which 
may have a substituent); u is an integer of 0 to 3;. 
and v is an integer of 0 to 6); and T represents 

(1) a single bond, 

(2) a group represented by the formula: 
R 23 

1 a 
-N- (CH 2 ) S -W- (CH 2 ) t - (wherein R" represents a hydrogen 

atom, a cycloalkyl group, a cycloalkylalkyi group, a 
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lower alkyl group which have a substituent or a lower 

alkenyl group which may have a substituent; W 

represents a group represented by the formula: -0-, a 

0 
3 

group represented by the formula: -C-, a group 
represented by the formula: -NH-, a group represented 

OH 

by the formula: \ . a group represented by the 

-CH- 

0 
9 

formula: -C-0- or a single bond; and s and t are 
independent of each other and are each an integer of 0 
to 4), 

(3) a group represented by the formula: 



H 29 R 23 

■ch— <[h— !r— (ch 2 ) s — v— (CH 2 ) t 



OH 



(wherein R 23 . W. s and t are each as defined above: and 

29 

R represents a hydrogen atom, a cycloalkyl group, a 
cycloalkylalkyl group, a lower alkyl group which may 
have a substituent or a lower alkenyl group which may 
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have a substituent) , 



R 2S 



(4) . a group represented by the formula: -N- (wherein 
R 2S represents a hydrogen atom, a cycloalkyl group, a 
lower alkyl group which may have a substituent or a 
lower alkenyl group which may have a substituent), or 

(5) a group represented by the formula: 

^ (CH*)x 

E — CCH0 W — F— CCH.) Z — (wherein D 

represents a carbon atom or a nitrogen atom, E 
represents a nitrogen atom or a group represented by 

\ 

the formula: CH- ; F represents a group represented 
/ 

by the formula: -0- , a group represented by the 

0 
i 

formula: -C- , a group represented by the formula: 

OH 

-NH-, a group represented by the formula: \ , a 

-CH- 

0 

i 

group represented by the formula: -C-0- or a single 
bond; x and y are independent of each other and are 
each an integer of 0 to 3, with the proviso that the 
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case wherein both x and y are 0 is excepted; w and 2 



are each an integer of 0 to 4 ; and the symbol 



represents a single bond or a double bond when D is a 
carbon atom and a single bond when D is a nitrogen 
atom), with the proviso that S must be a group 
selected from among those described above except an 
alkenyl group which may have a substituent, when T is 
a group represented by the formula: 

r CCH:) X ^ 

~ D E — (CH a ) w -F— CCH,) 7 - (wherein D. 

^ J 
(CH:) r 

E. F, x f y, w and 2 are each as defined above)]. 
2. The phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim l, wherein T defined with respect to R B in the 
general formula (I; represents 

(1) a single bond, 

(2) a group represented by the formula: 
R 23 

1 

-N-(CH 2 )j-W-(CH 2 ) t - (wherein R 23 , W p s and t are each as 
defined above) , 

R 2S 

(4) a rroup represented by the formula: -N- (wherein 
R 25 is as defined above), or 
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.(5) a group represented by the formula: 



• r 



(CHi)x 



— D 



E — (CHi)w- F — CCK t ) z - (wherein D, 



(CH,)y 



J 



E.'F. x,.y. w and z are each as defined above). 
3. The phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim l, wherein the prodrug ester forming group is 



a group represented by the formula: -CH-0-C-R Zi3 
(wherein R 27 represents a hydrogen atom or a lower 
alkyl group; and R 28 represents an alkyl group which 
has 1 to 12 carbon atoms and may have a substituent. a 
cycloalkyl group, an aryl group which may have a 
substituent. an alkoxy group which has 1 to 12 carbon 
atoms and may have a substituent , • a cycloalkyloxy 
group, an aryloxy group which may have a substituent, 
an alkylamino group which has 1 to 12 carbon atoms and 
may have a substituent, a cycloalkylamino group, a 
piperidinyl group, a pyrrolidinyl group or an aromatic 
amino group which may have a substituent). 
4. A squalene synthetase inhibitor comprising the 
phosphonic acid derivative or the pharmacologically 
acceptable salt thereof as set forth in claim 1 as the 



R 27 0 



- 357 - 



WO 94/20508 




PCT7JP94/00354 



active ingredient. 

5. A preventive or therapeutic medicine for diseases 
against which a squalene synthetase inhibiting action 
is efficacious, which comprises the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof as set forth in claim 1 as the active 
ingredient . 

6. A preventive or therapeutic medicine for 
hyperlipemia which comprises the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof as set forth in claim 1 as the active 
ingredient. 

7. A preventive or therapeutic medicine for 
hypertension which comprises the phosphonic acid 
derivative or the pharmacologically acceptable salt 
thereof as set forth in claim 1 as the active 
ingredient. 

8. A pharmaceutical composition which comprises a 
therapeutically effective amount of the phosphonic - 
acid derivative or the pharmacologically acceptable 
salt thereof as set forth in claim 1 and a 
pharmaceutically acceptable filler. 

9. A use of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim 1 for making a medicament for medically 



- 358 - 



WO 94/20508 




PCT/JP94/003S4 



treating a disease against which a squaiene synthetase 
inhibiting action is efficacious. 

10. A use of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim 1 for making a medicament for hyperlipemia. 

11. A use of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim 1 for making a medicament for hypertension. 

12. A method for medically treating a disease which 
comprises administering a therapeutically effective 
amount of the phosphonic acid derivative or the 
pharmacologically acceptable salt' thereof as set forth 
in claim 1 to a patient suffering from a disease 
against which a squaiene synthetase inhibiting- action 
is efficacious. 

13. A method for medically treating a disease which 
comprises administering a therapeutically effective 
amount of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim 1 to a patient suffering from hyperlipemia. 

14. A method for medically treating a disease which 
comprises administering a therapeutically effective 
amount of the phosphonic acid derivative or the 
pharmacologically acceptable salt thereof as set forth 
in claim 1 to a -patient suffering from hypertension. 
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